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[Scope of Claims] 

[Claim 1] Methods for measuring the three-dimensional 
form of an object characterized by: creating pattern data by 
composing multiple sinusoid slit pattern data that has 
different frequency elements and color elements with a 
three-dimensional form measurement device for objects 
equipped with a color camera for taking pictures of the 
surface form of objects, an A/D converter that converts 
analog image data output from this camera into digital 
image data, frame memory that stores the digital image data 
output from the A/D converter, a projector for projecting 
pattern light onto an object that has arbitrary color and 
intensity by being configured in different directions from 
the color camera, pattern memory that stores the pattern 
data of the pattern light projected by the projector, memory 
as a work area, a D/A converter that converts digital image 
data into analog image data, a display that shows analog 
image data output from the D/A converter and a CPU that 
controls everything and performs calculations; separates the 
transformed lattice images obtained by projecting pattern 
light based on this pattern data onto an object by color 
elements and then calculates the form of the object from the 
per-color element transformed lattice image; and assumes a 
final three-dimensional form for the object from the 
compositing of these calculation results. 
[Claim 2] Methods for measuring the three-dimensional 
form of objects characterized by: creating pattern data by 
composing multiple sinusoid slit pattern data that has the 
same frequency elements with different color elements by 
off-setting the phase per fixed amounts with a three- 
dimensional form measurement device for objects equipped 
with a color camera for taking pictures of the surface form 
of objects, an A/D converter that converts analog image 
data output from this camera into digital image data, frame 
memory that stores the digital image data output from the 
A/D converter, a projector for projecting pattern light onto 
an object that has arbitrary color and intensity by being 
configured in different directions from the color camera, 
pattern memory that stores the pattern data of the pattern 
light projected by the projector, memory as a work area, a 
D/A converter that converts digital image data into analog 
image data, a display that shows analog image data output 
from the D/A converter and a CPU that controls everything 
and performs calculations; separates the transformed lattice 
images obtained by projecting pattern light based on this 
pattern data onto an object per color elements and then 
calculates the three-dimensional form of an object by 
calculating the amount of phase modulation from between 
the per-color element transformed lattice images. 
[Claim 3] Methods for measuring the three-dimensional 
forms of objects, using the three-dimensional form 
measurement methods in Claim 1 or Claim 2, characterized 
by: radially configuring multiple color cameras against an 
object to take pictures of the object from multiple 
directions and then calculating the three-dimensional form 
of the object by composing form data measured based on 
images observed by each camera. 

[Claim 4] Methods for measuring the three-dimensional 
form of objects, using the three-dimensional form 
measurement methods in Claim 1 or Claim 2, characterized 
by: juxtaposing multiple color cameras against an object so 
that they divide the flat measurement range of an object, 



and then calculating the three-dimensional form of an 
object by composing form data measured based on images 
observed by each camera. 

[Claim 5] Methods for measuring the three-dimensional 
forms of objects, using the three-dimensional form 
measurement methods in Claim 1 or Claim 2, characterized 
by: radially configuring multiple projectors against an 
object to project pattern light from multiple directions onto 
the object, and then calculating the three-dimensional form 
of the object from form data measured based on images 
observed by camera via pattern light from each projector. 
[Claim 6] Methods for measuring the three-dimensional 
form of objects, using the three-dimensional form 
measurement methods in Claims 1 , 2, 3 or 4, characterized 
by: juxtaposing multiple projectors against an object so that 
they divide the flat projection range of the pattern light 
against the object, and then calculating the three- 
dimensional form of the object from form data measured 
based on images observed by camera via pattern light from 
each projector. 

[Claim 7] Methods for measuring the three-dimensional 
form of objects, using the three-dimensional form 
measurement methods in Claim 5 or Claim 6, 
characterized by: detecting shadow sections generated by 
surface variations between the reference plane in which the 
object is placed and the object itself by projecting white 
and solid-color pattern light onto the object from multiple 
projectors, and then detecting the contour positions and 
height of the object by the shadow sections, based on the 
projection angle of the pattern light, and then calculating 
the form of the object by projecting pattern light based on 
slit pattern data, with only the areas determined to be where 
the object exists based on the contour position information 
as the subject, and then correct the calculated form to an 
absolute value based on the aforementioned contour 
position and height. 

[Claim 8] Methods for measuring the three-dimensional 
form of objects, using the three-dimensional form 
measurement methods in Claim 5 or Claim 6, characterized 
by: detecting shadow sections generated by surface 
variations in the top of an object surface by projecting 
white and solid-color pattern light onto the object from 
multiple projectors, and then together with detecting the 
edge positions of the surface variations from this shadow 
information, detecting the height at the edge positions of 
the surface variations from the projection angle of the 
pattern light, and then detecting the highs and lows on both 
sides of the edge positions from the projecting direction of 
the pattern light that generates the shadow sections, and 
then correcting the calculation results for the three- 
dimensional form of the object using these detection values. 
[Claim 9] Methods for measuring the three-dimensional 
form of objects, using the three-dimensional form 
measurement method in Claim 8, characterized by making 
multiple divisions of the planer shape of the object per 
areas that have the same height, based on the surface 
variations in the edge positions on the object surface and 
the contour positions of the object, detecting the forms per 
area by adjusting the frequency elements of the pattern 
light per divided area, and then calculating an overall three- 
dimensional image of the object by composing these forms. 
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[Claim 10] Methods for measuring the three-dimensional 
form of objects, using the three-dimensional form 
measurement method in Claim 9, characterized by: using 
lenses that can electrically adjust the focus of camera and 
projector lenses, and, when performing form calculations 
per areas of the object divided by the areas that have the 
same height, adjusting the focus of the aforementioned 
lenses via an interface from a CPU, according to the 
average height of these areas. 

[Claim 11] Methods for measuring the three-dimensional 
form of objects, using one item from Claims 5-10, 
characterized by: calculating the luminance difference of 
each pixel for images taken by camera of conditions in 
which pattern light is not projected from all projectors, and 
images taken by camera of conditions in which pattern light 
is projected by all projectors, determining if the form is 
irregular for areas in which this luminance difference is 
minute, and then measuring the three-dimensional form of 
objects from measurement data from areas other than these 
areas. 

[Claim 12] Methods for measuring the three-dimensional 
form of objects, with three-dimensional form measurement 
methods in Claim 1 , characterized by: using lenses that can 
electrically adjust the aperture of camera and projector 
lenses, adjusting the aperture of the lens via an interface 
from a CPU in order to increase the luminance for areas for 
which it is determined that the luminance difference is 
minute and the form is irregular due to the previous form 
measurement, recalculating the luminance difference under 
conditions in which the aperture has been adjusted, then 
dividing it into areas for which the luminance difference 
has changed and areas for which it has not changed due to 
aperture adjustments for areas for which it was determined 
that the form was irregular due to the previous form 
measurements, re-measuring the form by projecting pattern 
light at areas in which the luminance difference had 
changed, determining form irregularities in areas where the 
luminance difference had not changed, and then measuring 
the three-dimensional form of the object by compositing 
the previous form measurement results and the 
measurement results for the new re-measurements. 
[Claim 13] Methods for measuring the three-dimensional 
form of objects, using one item from Claims 5-10, 
characterized by: extracting the areas where the luminance 
is saturated due to surface conditions of the object from 
images taken by camera of conditions in which pattern light 
is projected from all the projectors, determining if the form 
is irregular in these areas, and then measuring the three- 
dimensional form of the object from the measurement data 
for areas other than these areas, 

[Claim 14] Methods for measuring the three-dimensional 
form of objects, with three-dimensional form measurement 
methods in Claim 13, characterized by: using lenses that 
can electrically adjust the aperture of camera and projector 
lenses, adjusting the aperture of the lens via an interface 
from a CPU in order to reduce luminance for areas for 
which the luminance is saturated and it is determined that 
the form is irregular due to the previous form measurement, 
re-extracting the luminance saturation area under 
conditions in which the aperture has been adjusted, then 
dividing it into areas for which the luminance has changed 
and areas for which it has re-saturated due to aperture 



adjustments for areas for which it was determined that the 
form was irregular due to the previous form measurements, 
re-measuring the form by projecting pattern light at areas in 
which the luminance has changed, determining form 
irregularities in areas where the luminance has re-saturated, 
and then measuring the three-dimensional form of objects 
by compositing the previous form measurement results and 
the measurement results for the new re-measurements. 
[Detailed Explanation of Invention] 
[0001] 

[Field of Technology] This invention takes pictures of 
transformed lattice images obtained by projecting pattern 
light from a projector with a color camera, and is related to 
methods for measuring the three-dimensional form of 
objects by making contactless measurements of the three- 
dimensional form of objects. 
[0002] 

[Prior Art] The standard method of measuring the form of 
an object by projecting pattern light onto it is the known 
method for contactless measurement of the three- 
dimensional forms of objects. The principle of this method 
is to project standard pattern light, such as coherent light 
from a grill slit light or laser light, for example, against an 
object. For these standard patterns, interference fringes 
from a laser light are used for small objects, while arbitrary 
patterns generated by projecting lattice patterns made on 
film by a light source such as a slide projector, or using a 
liquid crystal device instead of film, are used for large 
objects. 

[0003] When objects that have standard patterns projected 
on them are observed by camera from a direction other than 
the direction from which the standard pattern was projected, 
transformed lattice images for which the pattern light 
changed due to the form of the object are observed. By 
analyzing this altered state of the lattice image, it is 
possible to obtain the original three-dimensional shape of 
the object. 

[0004] Various methods are available for analyzing 
transformed lattice images. For example, as a first method, 
there is the stripe scanning or phase shift method of 
calculating the original form of an object by shifting the 
phase of projected patterns, and then calculating the phases 
of each pixel from among the transformed lattice images 
made by these shifted patterns (Komatsubara, Yoshizawa: 
"Lattice Pattern Projection with Introduction of Stripe 
Scanning," Precision Society Review, Vol. 55, No. 10, pp. 
1817-1822(1989)). 

[0005] As a second method, there is the Fourier transform 
method for calculating the form of an object by 
transforming the transformed lattice images made by one of 
the projected patterns into frequency domains, and then 
extracting only the required frequency elements (M. 
Takeda, K. Mutoh: "Fourier transform profilometry for the 
automatic measurement of 3-D object shapes", applied 
Optics, Vol. 22, No. 24, pp. 3977-3982 (1983)). 
[0006] As a third method, there is the scanning moire 
method for calculating the form of an object from moire 
images obtained with transformed lattice images observed 
by projecting patterns that match camera scanning lines, 
and using the camera scanning lines as a reference grid on 
the observation side. (Arai, Kurata: "High-speed and high- 
resolution moire topography through techniques for stripe 
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scanning interferometry," Optical, Vol. 15, No. 5, pp. 
402-406(1986)). 

[0007] Furthermore, as a fourth method, there is the phase- 
shift electron moire method for calculating the form of an 
object by making moire images by computer between the 
transformed lattice images made by one of the projected 
patterns and the reference patterns offset by two or more 
phases created in the computer, and then calculating the 
form from the phases between these moire images. (Katoh, 
Yamaguchi: "Real-time processing of striped images using 
phase-shift electron moire," Sensor Technology, Vol. 12, 
No. 7, pp. 39-44(1992)). 

[0008] Irregardless of the method, intensity distribution I (x, 
y) of the stripes obtained for each observed pixel are 
defined the by Formula 1, and the phase information (p (x, y) 
is calculated for each point. 
[0009] 

[Formula 1] I (x, y) « A (x, y) + B (x, y) • cos (27rfx + <f> (x, 

y)) 

[0010] Here, <t> is information that is reflecting the form of 
an object, and if it is possible to obtain this <£, then it is 
possible to calculate the form. The phase information <j> for 
each point is folded into the range of -ii<<£<7r (assumed to 
be -7r/2<<£<7r/2 according to method), and a discontinuous 
value is taken. This is connected by methods such as the 
so-called phase unwrapping method (refer to K. Itoh: 
Analysis of the phase unwrapping algorithm," Applied 
Optics, Vol. 21, No. 14, pp. 2470 (1982) and continuous 
phase distribution is obtained. Therefore, the phases are 
transformed into the three-dimensional form of an object in 
space, based upon the optical position of the camera or 
light source, as the final form. 

[0011] These methods are applicable primarily to objects 
which do not have drastic changes in the form of their 
surfaces. 
[0012] 

[Problems to be Solved by Invention] As described above, 
the following problems exist for conventional techniques 
for measuring the three-dimensional form of objects by 
projecting pattern light. 

(1) Because it is not possible to measure drastic changes in 
object surfaces by a single pattern projection, multiple 
projections and observations of different patterns becomes 
necessary. Since it is only possible to perform 
measurements in situations in which the object is stationary, 
a great deal of time is consumed to complete all processes 
and calculations. 

[0013] (2) If the form changes of an object's surface are 
drastic, then it is not possible to make camera observations 
since the pattern light projected onto the object is blocked 
by the object itself. In addition, by the pattern light from 
the projector being blocked by the object, then areas are 
created in which the object is not touched by the pattern 
light. 

(3) If the subject object is larger than the camera's field of 
view or the projection area of the projector, it is not 
possible to make measurements of the form with a single 
pattern projection, making it necessary to move the object 
or optical system. In this case, it is easy for differences to 
arise in the measurement results for the object form at each 
position to which the object is moved. 



[0014] (4) In cases where an object is measured while 
placed on a standard flat surface, if pattern light greater 
than a single cycle is blocked by surface variations between 
the standard surface and object, then the calculated form of 
the object will be a relative value. 

(5) In cases where the irregularities that exist in an object 
surface represent stepped surface variations, or are some 
such similarly irregular form, then if the form is calculated 
without taking into account these heights, then it will not be 
possible to accurately measure the form of the object. 
[0015] (6) In the high sections of the object that has 
variations on its surface, the pitch against the object surface 
of the projected pattern light is complicated, and then 
precision deteriorates for low sections when the pitch 
matches these high sections. 

(7) In cases where the surface variations are extremely high 
for surface variations between an object and the standard 
surface, as well as the object surface, the focus of the image 
taken by the camera and the projected pattern light is 
shaded off, and then it is not possible to accurately measure 
the form. 

[0016] (8) If changes in the projected pattern light due to 
patterns, dirt, or small holes in an object surface are not 
detected, and the form of the overall object is calculated 
including the observational data for such areas, it is not 
possible to obtain an accurate form. 
(9) In cases where projected pattern light is reflected by an 
object's material or surface form in which such changes are 
not detected, if the form of the overall object is calculated 
including the observational data for such areas, it is not 
possible to obtain an accurate form. 
[0017] This invention is meant to solve the various 
problems mentioned above, and to that purpose, provides 
three-dimensional form measurement methods for which it 
is possible to accurately and speedily measure the three- 
dimensional form of an object irregardless of changes, 
irregardless of factors such as form changes, irregularities, 
or variations in the object surface, patterns, dirt, the 
object's size, or the object material. 
[0018] 

[Means for Solving Problems] An invention as in Claim 1 
for solving the aforementioned Problem (1) that creates 
pattern data by composing multiple sinusoid slit pattern 
data that has different frequency elements and color 
elements, calculates the form of the object from the per- 
color element transformed lattice images, together with 
separating the transformed lattice images obtained by 
projecting partem light based on this pattern data onto the 
object by color elements, and assumes a final three- 
dimensional form for the object from the compositing of 
these calculation results; using a three-dimensional form 
measurement device for objects equipped with a color 
camera for taking pictures of the surface form of objects, an 
A/D converter that converts analog image data output from 
this camera into digital image data, frame memory that 
stores the digital image data output from the A/D converter, 
a projector for projecting pattern light onto the object that 
has arbitrary color and intensity by being configured in 
directions different from the color camera, pattern memory 
that stores the pattern data of the partem light projected by 
the projector, memory as a work area, a D/A converter that 
converts digital image data into analog image data, a 
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display that shows analog image data output from the D/A 
converter, and a CPU that controls everything and performs 
calculations. 

[0019] An invention as in Claim 2 for solving the 
aforementioned Problem (1) that creates pattern data by 
composing multiple sinusoid slit pattern data that has the 
same frequency elements with different color elements by 
off-setting the phase per fixed amounts, separates the 
transformed lattice image obtained by projecting pattern 
light based on this pattern data onto an object by color 
elements, and then calculates the three-dimensional form of 
objects by calculating the phase modulation from between 
the per color transformed lattice images, with a three- 
dimensional form measurement device for objects equipped 
with a color camera for taking pictures of the surface form 
of objects, an A/D converter that converts analog image 
data output from this camera into digital image data, frame 
memory that stores the digital image data output from the 
A/D converter, a projector for projecting pattern light onto 
the object that has arbitrary color and intensity by being 
configured in directions different from the color camera, a 
pattern memory that stores the pattern data of the pattern 
light projected by the projector, a memory as a work area, a 
D/A converter that converts digital image data into analog 
image data, a display that shows analog image data output 
from the D/A converter, and a CPU that controls everything 
and performs calculations. 

[0020] An invention as in Claim 3 for solving the 
aforementioned Problem (2) that, using Claim 1 or 2, 
radially configures multiple color cameras against an object 
to take pictures of the object from multiple directions, and 
then calculates the three-dimensional form of the object by 
compositing the form data measured based upon the image 
observed by each camera. 

[0021] An invention as in Claim 4 for solving the 
aforementioned Problem (3) that, using Claim 1 or 2, 
juxtaposes multiple color cameras against an object so that 
they divide the flat measurement range of the object, and 
then calculates the three-dimensional form of the object by 
compositing the form data measured based upon the image 
observed by each camera. 

[0022] An invention as in Claim 5 for solving the 
aforementioned Problem (2) that, using Claim 1, 2 or 3, 
radially configures multiple projectors against an object to 
project pattern light from multiple directions onto the 
object, and then calculates the three-dimensional form of 
the object from form data measured based on images 
observed by camera via pattern light from each projector. 
[0023] An invention as in Claim 6 for solving the 
aforementioned Problem (3) that, using Claim 1 , 2, 3 or 4, 
juxtaposes multiple projectors against an object so that they 
divide the flat projection range of the pattern light against 
the object, and then calculates the three-dimensional form 
of the object from form data measured based on images 
observed by camera via pattern light from each projector. 
[0024] An invention as in Claim 7 for solving the 
aforementioned Problem (4) that, using Claim 5 or 6, 
detects shadow sections generated by surface variations 
between the reference plane in which the object is placed 
and the object itself by projecting white and solid-color 
pattern light onto an object from multiple projectors, 
detects the contour positions and height of the object by the 



shadow sections, based on the projection angle of the 
pattern light, and then calculates the form of the object by 
projecting pattern light based on slit pattern data, and 
corrects the calculated form to an absolute value based on 
the aforementioned contour position and height. 
[0025] An invention as in Claim 8 for solving the 
aforementioned Problem (5) that, using Claim 5 or 6, 
detects shadow sections generated by variations on the top 
of the object surface by projecting white and solid-color 
pattern light onto the object from multiple projectors, 
detects the edge positions of surface variations from this 
shadow information, and detects the height at the edge 
positions of the surface variations from the projection angle 
of the pattern light, and then detects the highs and lows on 
both sides of the edge positions from the projecting 
direction of the pattern light that generates the shadow 
sections, and then corrects the calculation results for the 
three-dimensional form of the object using these detection 
values. 

[0026] An invention as in Claim 9 foT solving the 
aforementioned Problem (6) that, using Claim 8, makes 
multiple divisions of the planer shape of the object per 
areas that have the same height, based on the surface 
variations in the edge positions on the object surface and 
the contour positions of the object, detects the forms per 
area by adjusting the frequency elements of the pattern 
light per divided area, and then calculates an overall three- 
dimensional image of the object by composing these forms. 
[0027] An invention as in Claim 10 for solving the 
aforementioned Problem (7) that, using Claim 9, uses 
lenses that can electrically adjust the focus of camera and 
projector lenses, and, when performing form calculations 
per areas of the object divided by the areas that have the 
same height, adjusts the focus of the aforementioned lenses 
via an interface from a CPU, according to the average 
height of these areas. 

[0028] An invention as in Claim 11 for solving the 
aforementioned Problem (8) that, using one item from 
Claims 5—1 0, calculates the luminance difference of each 
pixel for images taken by camera of conditions in which 
pattern light is not projected from all projectors, and images 
taken by camera of conditions in which pattern light is 
projected by all projectors, determines if the form is 
irregular for areas in which this luminance difference is 
minute, and then measures the three-dimensional form of 
objects from measurement data from areas other than these 
areas. 

[0029] An invention as in Claim 12 for solving the 
aforementioned Problem (8) that, using Claim 11, uses 
lenses that can electrically adjust the aperture of camera 
and projector lenses, adjusts the aperture of the lens via an 
interface from a CPU in order to increase the luminance for 
areas for which it is determined that the luminance 
difference is minute and the form is irregular from the 
previous form measurement, calculates the luminance 
difference under conditions in which the aperture has been 
adjusted, then divides it into areas for which the luminance 
difference has changed and areas for which it has not 
changed due to aperture adjustments for areas for which it 
was determined that the form was irregular due to the 
previous form measurements, re-measures the form by 
projecting pattern light at areas where luminance difference 
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has changed, determines form irregularity for areas where 
the luminance difference has not changed, and then 
measures the three-dimensional form of objects by 
compositing the previous form measurement results and the 
measurement results for the new re-measurements. 
[0030] An invention as in Claim 13 for solving the 
aforementioned problem (9) that, using one item from 
Claims 5-10, extracts the areas where the luminance is 
saturated due to surface conditions of the object from 
images taken by camera of conditions in which pattern light 
is projected from all the projectors, determines if the form 
is irregular in these areas, and then measures the three- 
dimensional form of the objects from the measurement data 
for areas other than these areas. 

[0031] An invention as in Claim 14 for solving the 
aforementioned Problem (9) that, using Claim 13, uses 
lenses that can electrically adjust the aperture of camera 
and projector lenses, adjusts the aperture of the lenses via 
an interface from a CPU in order to reduce the luminance 
for areas for which the luminance is saturated and it is 
determined that the form is irregular due to the previous 
form measurement, re-extracts the luminance saturation 
area under conditions in which the aperture has been 
adjusted, then divides it into areas for which the luminance 
has changed and areas for which it has re-saturated due to 
aperture adjustments for areas for which it was determined 
that the form was irregular due to the previous form 
measurements, re-measures the form by projecting pattern 
light at areas in which the luminance has changed, 
determines form irregularities for areas where the 
luminance has re-saturated, and then measures the three- 
dimensional form of objects by compositing the previous 
form measurement results and then the measurement results 
for the new re-measurements. 
[0032] 

[Operation] Using an invention as in Claim 1, pattern light 
that is to be projected onto an object is projected from a 
projector onto an object as a color image written into 
pattern memory that is the same as display graphics. At 
that time, pattern light based on pattern data that 
synthesizes high and low slit patterns for frequency 
elements is used as the pattern light to be projected onto an 
object. Then, pattern data is written into pattern memory so 
that particular color elements are expressed, and when this 
partem light is projected onto an object, transformed lattice 
images that correspond to the form of the object can be 
observed by camera. 

[0033] When observed transformed lattice images are 
separated by synthesized color elements, it is possible 
simultaneously to obtain transformed lattice images 
obtained in cases where pattern light for many different 
frequency elements was projected from one color image. It 
is necessary for high-frequency element patterns to be used 
for measuring forms with high precision, and, in addition, it 
is also necessary for low-frequency element patterns to be 
used in cases where the changes in the form are great. 
[0034] With this invention, transformed lattice images are 
taken from single observations that accompany projection 
of the pattern light obtained by composing the 
aforementioned patterns, and then the forms of objects are 
measured per color elements. Furthermore, as for the 
specific method for calculating the form, either the Fourier 



transform method or the stripe scanning moire methods are 
acceptable. In sections where the form of the object 
changes drastically (in size), gaps in information are 
produced by high-frequency element patterns, and there are 
cases where it is not possible to accurately calculate the 
form. To that end, first calculate the macro-form from the 
low-frequency element patterns, and then next measure the 
three-dimensional form with accuracy and high precision 
by correcting the gap sections of the macro-form 
information by using high-frequency element patterns. 
[0035] With inventions as in Claim 2, these pattern data are 
synthesized as different color elements, together with 
having the same specific frequency elements and creating 
slit pattern data for which the phase has been shifted by ttD 
2, xand 37rd2, for example, as synthetic slit patterns to be 
projected onto an object. Transformed lattice images are 
taken by projecting this synthesized pattern light onto an 
object, and then separating it into transformed lattice 
images per phase through color separation from one 
transformed lattice images. The three dimensional form of 
the object is then calculated by obtaining the amount of 
phase modulation for each pixel from among these images. 
[0036] With inventions as in Claim 3, the dead angle 
produced when observing an object with a camera from 
certain specific directions is eliminated by observing an 
object from multiple directions with multiple cameras. 
Specifically, by composing and interpolating the form data 
for the observed object from multiple cameras, it becomes 
possible to make partial measurements of the three- 
dimensional form of an object that cannot be analyzed by 
observations along a single direction. 
[0037] With inventions as in Claim 4, in cases where the 
measurement range is wide and the planer shape of an 
object is large, the picture-taking range is divided by 
multiple cameras. If form data is synthesized by 
simultaneously observing the form with multiple cameras, 
then it is not necessary to move the object or the camera, 
and it is possible to measure the overall form of an object 
with a single picture taking. 

[0038] With inventions as in Claim 5, multiple projectors 
configured radially project pattern light onto an object from 
mutually opposing directions. In cases where the camera is 
placed directly above an object and the multiple projectors 
are each placed diagonally upwards, pattern light will strike 
the areas on the projection side where the object has 
irregular sections, but on the opposite side, the light is 
blocked by the irregular sections of the object and pattern 
light does not reach. With this type of measurement 
method, in which the form is measured by projecting 
partem light, it is not possible to calculate the form for 
those sections that pattern light does not reach. 
Accordingly, by projecting pattern light onto an object 
from different directions using multiple projectors, it is 
possible to hit all areas of an object's surface with pattern 
light, and therefore it is possible to measure the entire form 
of an object without omissions. 

[0039] With inventions as in Claim 6, in cases where the 
planer shape of an object is large and the measurement 
range is wide, the projection area of the pattern light is 
divided by multiple projectors. Simultaneously projecting 
light by multiple projectors, the three-dimensional form of 
an object is measured from observational data from a single 
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or multiple cameras. Furthermore, in cases where multiple 
cameras are used, if form data obtained by each camera is 
composited, then it is not necessary to move the object or 
camera, and therefore it is possible to measure the overall 
form of an object by a single picture-taking. 
[0040] Explanation of the operation of an invention as in 
Claim 7. In cases where the form drastically rises from the 
reference plane without the contour of the object gradually 
changing from the reference plane, when the pattern light is 
hidden greater than one cycle due to surface variations 
between the object and reference plane, the phase is not 
accurately detected. Accordingly, measurement results for 
the top of the object surface show a relative value, and 
accuracy is lost for the calculated form, 
[0041] With regards to this type of object, when white and 
solid-color pattern light that is the same as regular 
illumination is projected onto an object, surface variations 
between the object and reference plane cause shadow 
sections to be produced. These shadow sections depend on 
the height of the object's border sections, the projector 
position and the angle of the pattern light projection, and if 
the position and projection angle are already known, then it 
is possible to know the contour position and height of an 
object from the images observed by camera. It is possible 
to limit the range of the measurements taken of forms by 
projection of slit pattern light, based upon the contour 
position of the object perimeter obtained from projections 
of pattern light from multiple projectors, and then the 
amount of operations for measuring the form when 
calculating the form for only the particular area is reduced. 
[0042] Explanation of the operation of an invention as in 
Claim 8. In cases where pattern light is projected against 
an object that has variations in its surface form, unlike the 
invention in Claim 7, shadows sections are produced on the 
surface of the object. It is possible to calculate the edge 
positions and heights of the variations on the object surface 
when these shadow sections are measured. Based on this 
information, when connected to the amount of phase 
modulation calculated for all areas, it is possible to measure 
an accurate form by using the highs and lows of both sides 
of the edge positions for the calculated surface variations at 
connections that step over the shadow sections due to 
grading. 

[0043] With inventions as in Claim 9, pattern light is 
projected against objects that have surface variations in 
their surface form, the contour positions and height of the 
object with the edge positions and heights that constitute 
the surface variations are calculated from the shadow 
information, and the planer shape of the object is divided 
by multiple areas that have the same height. When slit 
patterns for high-frequency elements are projected in the 
same way to improve the precision for pattern light in low 
sections of the object, the patterns become tight in high 
sections of the object, making it impossible to observe them 
as slit patterns. 

[0044] Thus, the frequency elements for slit patterns 
change corresponding to the heights of the divided areas. If 
it is possible to express them in terms of the frequency on 
top of the reference plane, then it becomes possible to 
observe the same slit pattern across all areas and calculate 
the form with the same precision, by projecting narrow slit 
patterns (high-frequency element slit patterns) for areas of 



low height and pattern light for wide slit patterns (low- 
frequency element slit patterns) at high areas. 
[0045] Explanation of the operation of an invention as in 
Claim 10. When the surface variations in the irregular 
parts on top of an object's surface become large, then the 
focus of the projecting lens of the projector and the focus of 
the lens of the observing camera cease to match. Thus, 
from the positions and heights of the edges of the irregular 
parts, and the positions and heights of the object's contours, 
the object surface is divided by areas that have the same 
height. Therefore, a lens that has an electrical control 
mechanism is installed into the projector and camera, and 
the focus of the lens is adjusted by a CPU based on the 
height of each area. Based on this, it is possible to 
calculate the three-dimensional form of an object with 
uniformly high precision. 

[0046] Explanation of the operation of an invention as in 
Claim 11. Projected pattern light cannot be accurately 
observed in sections where there is dirt, small holes, 
patterns, or coating on the object surface. These sections 
will affect other normally observable sections in the same 
manner, and when the form is calculated, not only these 
sections, but later connected phases also become 
indeterminate. 

[0047] Accordingly, in order to accurately detect sections 
of the object surface that have dirt or small holes, an 
unprojected image is obtained that is observed without 
projecting pattern light from a projector. This image can be 
obtained by observing an object which is being struck by 
external illumination such as a lamp, assuming that initial 
conditions are not in a complete darkroom state. In 
addition, it is also possible to obtain an image in a state of 
total illumination by projecting pattern light identical to 
normal illumination onto an object. 
[0048] Thus, the luminance difference for each pixel from 
among these images is calculated. If this difference is 
minute, then even in cases where pattern light is projected, 
it is not possible to observe changes in the pattern for these 
pixels. The three-dimensional form of the object is then 
calculated by determining form irregularities by first 
detecting the aforementioned sections and then removing 
the calculation results for the form in these sections, and 
then using only the data from the sections for which the 
form can be normally calculated. 

[0049] Explanation of the operation of an invention as in 
Claim 12. There are cases where the reason that projected 
pattern light was detected as unobservable areas due to 
factors such as dirt on the object surface originates from 
insufficient illumination. Therefore, with this invention, a 
lens that has an electrically controllable aperture is installed 
in the projector and camera, and then the aperture is 
adjusted along the direction that the illumination value 
(luminance) rises even greater than when the prior 
measurement was taken. At this point, the luminance 
difference is further calculated, and divided into areas for 
which observation is possible according to those areas 
where the pattern is unobservable irregardless of the 
illumination, as with small holes, and increases in 
illumination. From the image observed by increasing the 
illumination, the form of the areas that were deemed 
irregular the first time are calculated, and it is possible to 
obtain a uniformly accurate form by compositing the results. 
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[0050] Explanation of the operation of an invention as in 
Claim 13. In cases where the measurement subject object's 
material is a lustrous material such as metal, pattern light 
projected from a projector is drawn out by irregular 
reflection. When the form of these reflected sections is 
calculated the same way as sections for which the pattern is 
normally observable, an inaccurate form emerges. 
Therefore, with this invention, the sections that cause these 
reflections (sections where luminance is saturated) are 
detected beforehand. Then, patterns that are same as with 
regular illumination are projected, and images are obtained 
for total illumination conditions. From these images, the 
areas for which luminance is saturated are detected, and 
when the form is calculated by projecting patterns, then it 
becomes possible to calculate the form accurately by 
deleting the information from the areas where luminance is 
saturated. 

[0051] Explanation of the operation of an invention as in 
Claim 14. With areas that produce irregular reflections, the 
luminance is saturated for a range even wider than the 
sections that are actually causing the reflections. Therefore, 
with this invention, a lens that has an electrically 
controllable aperture is installed in the projector and 
camera, and then the aperture is adjusted along the 
direction that the degree of illumination (luminance) drops 
more than the previous time. Here, the areas where 
luminance difference is saturated are limited, and are 
divided by areas where it is possible to observe by dropping 
the illumination. From the images observed by dropping 
the illumination, the form of areas that were deemed 
irregular the first time are calculated, and it is possible to 
obtain a uniformly accurate form by compositing the results. 
[0052] 

[Working examples of Invention] The following is an 
explanation of working examples of each invention with 
reference to drawings. Fig. 1 is a block drawing showing a 
working example of this invention, and we will describe a 
working example of an invention as in Claim 1 while 
referring to this drawing. First, 101 are the reference plane, 
and object 102 - which is the subject for three-dimensional 
form measurement - is placed on top of it. A color camera 

103 for making observations is placed right above the 
object 102, and a projector 104 for projecting pattern light 
is placed at a diagonally upward direction. This projector 

104 is equipped with a light source and lens, the same as 
with a slide projector, displays patterns that have arbitrary 
color and intensity onto a color liquid crystal panel built 
into the projector, and can project pattern light based on 
these patterns onto the object 102. 

[0053] The slit pattern data projected onto object 102 is 
created by a CPU 109 in three frame RGB parts in pattern 
memory 107. One frame out of these is composed at 8 bits 
to a pixel, and the slit patterns are composed so that light 
bands 201 and dark bands 202 are lined up alternating at 
fixed intervals, as shown in Fig. 2 (A). The data for x 
coordinates for the line 203 for which the y coordinates is j 
in Fig. 2 (A) is shown in Fig. 2 (B). The data g(x) for the x 
coordinates on this line 203 is created by Formula 2. 
[0054] 

[Formula 2] g(x) = 128 x sin (x/a • n) + 127 

[0055] Here, assuming a range of 0 < g(x) < 255, the cycle 

of the slit pattern is determined by a. Assuming that a is a 



number greater than one, low-frequency sine wave patterns 
in cases where it is large, and high-frequency sine wave 
patterns in cases where it is small, are created. 
[0056] When the same pattern, but each with different 
frequencies, is created on the three RGB frames of the 
partem memory 107, then the x coordinate data 301, 302, 
303 on each line 203 of these three frames becomes as in 
Fig. 3. Here, against data 301, 302 has 1/2 times, and 303 
has 1/3 times the frequency elements. These three frames 
correspond to color RGB, and the data composed for data 
301, 302 and 303 becomes as in Fig. 4. 
[0057] In Fig. 4, at the point at which the values for 
composed data for all RGB frames reaches maximum, the 
pattern light is projected onto the object as white. 
Conversely, if all RGB frame data 301, 302 and 303 are 0, 
as at the point 304 in Fig. 4, then at this point, the pattern 
light is projected onto the object as black. The data 301, 
302 and 303 for the three RGB frame parts for this kind of 
pattern memory 107 is transmitted to the color liquid 
crystal panel of the projecting projector 104 in Fig. 1 as 
pattern data, and then color pattern light is projected onto 
the surface of the object 102 from a light source built into 
the projector 104, via the projecting lens. 
[0058] Pattern light projected onto the object has its picture 
taken by a color camera 103, and then this image is 
converted into digital image data by an A/D converter 105. 
This digital image data is stored in frame memory 106. 
This image becomes a transformed lattice image that has 
been altered by the three-dimensional form of the object 
102. Since the color transformed lattice images are saved 
in the RGB frame for frame memory 106 the same as with 
picture-taking, if the projected patterns are created on RGB 
per each one partem, then they will come to be saved as 
transformed lattice images per frequencies projected onto 
the RGB frame of frame memory 106. Specifically, 
separation into color elements identical to picture taking is 
carried out. 

[0059] If these projected patterns are three patterns, then it 
is possible to color separate at the same time as picture 
taking by using RGB, but in cases where projection is done 
by composing patterns greater than four, then hues are 
provided to each pattern. In the case of composition, 
composing is done after converting hue information into 
RGB, and then it comes to be stored in pattern memory 107. 
At this time, the hues provided to each pattern are made to 
be mutually exclusive. 

[0060] Specifically, in cases where a picture is taken of this 
pattern and the color is separated, since there comes to be a 
conversion from RGB to hue, it is necessary for RGB to be 
combinational^ exclusive so that whatever pattern there is 
at that time is divided. In cases where there is a projection 
of a pattern composed in this way, the color-separated 
image will be stored in the memory as a work area 108. 
Furthermore, in Fig. 1, 1 10 is the D/A converter, and 1 1 1 is 
the display. 

[0061] Fig. 5 shows the luminance on one line of a 
transformed lattice image created by a high-frequency 
element pattern out of color-separated patterns. The rising 
sections of the object 501 surface on this line have an 
originally two-cycle part pattern projected, but since the 
pattern is being compacted in the sections 504 
corresponding to the rising sections 502 in the image 503 
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observed from the camera, it is not possible to observe it as 
a two-cycle part. 

[0062] For example, with regards to using methods for 
obtaining the amount of phase modulation as a form 
measurement technique, the form of the rising sections 502 
become like 601 in Fig. 6, and then calculations are done 
for a form that differed from 602, which is the original 
form. On the other hand, gaps are produced in the rising 
sections 502 as in 701 in Fig. 7 from the transformed lattice 
images created by pattern projections of low-frequency 
elements against the same line. However, errors from sine 
wave patterns due to the lengthening of the cycle pitch 
become great in pattern projections for low- frequency 
elements, and although it is possible to grasp the overall 
form, there is partial loss of form measurement precision. 
[0063] Accordingly, it was decided to gradually calculate a 
precise form from the general form and then correct it, and 
then calculate the original form 602 in Fig. 6 and Fig. 7, by 
projecting pattern light for different frequency elements. 
Specifically, the macro-form is calculated from the pattern 
light for low-frequency elements, and then the missing 
macro-form information sections are corrected using 
pattern light for high-frequency elements. As a result, the 
rising sections 502 in Fig. 5 are corrected, and the original 
form 602 shown in Fig. 6 and Fig. 7 is calculated. 
Furthermore, as for methods for calculating the form, 
Fourier transform method, electron moire method, and 
stripe scanning moire method are all acceptable. 
[0064] Next, an explanation of a working example of an 
invention as in Claim 2. The x coordinate data g(x) on one 
line creates compositional pattern data as shown in Fig. 8 
as projection pattern data. For the data 1001 in Fig. 8, a 
phase difference of nil is held at 1002, % at 1003, 3tt/2 at 
1004, with all of them having the same frequency. A 
specific hue is provided and composed for this data, 
converted into RGB, and then stored in pattern memory 
107. 

[0065] Pattern light based on the aforementioned 
compositional pattern data is projected by a projector 104, 
an RGB transformed lattice image observed by a color 
camera 103 is divided by hue when a pattern has been 
created, and stored in memory 108. The amount of phase 
modulation for each pixel is calculated from among these 
transformed lattice images, and then the three-dimensional 
form of the object is calculated. 

[0066] Fig. 9 and Fig. 10 show a working example of an 
invention as in Claim 3. In this working example, multiple 
color cameras are radially configured around an object so 
that it is possible to observe the object from multiple 
directions. Color cameras 1201 and 1202 are configured on 
both sides of the color camera 103, as shown in Fig. 8, and 
it is made so that the optical axis of each camera 103, 1201, 
1202 matches on the reference plane 101. Here, the form 
of the areas 1204, 1205 on both ends of the object 1203 
cannot be observed by the central color camera 1 03. 
[0067] Accordingly, it is good if the form of the object is 
calculated from the images observed by each camera 103, 
1201, 1202 by projecting pattern light onto the object 1203, 
and then having the areas for 1204 and 1205, which cannot 
be observed with the central color camera, and 103 
supplemented with an image observed by the color cameras 



1201 and 1202 on both sides. Furthermore, it is acceptable 
if the number of color cameras be greater than three. 
[0068] Regarding picture-taking of the object 1203, it is 
acceptable if each camera 103 and 1201, independent A/D 

converters 105 and 105 A for , and frame memory 

106 and 106 A are installed as shown in Fig. 10 (A) 

and image input is carried out in parallel, or if images are 
sequentially input by controlling via a CPU 109 a changer 
1301 that has been installed between the color cameras 103 

and 1201, and the A/D converter 105, with the 

assumption that the A/D converter 105 and frame memory 
106 make up a single system as shown in Fig. 10 (B). 
[0069] Fig. 1 1 is a working example of an invention as in 
Claim" 4, and shows the composition of the observation 
component in cases where the planer shape of the object 
1403 that is the subject for measurement is large. In order 
to maintain uniform resolution, multiple color cameras 103, 
1401 and 1402 are set up in parallel upwards of the object 
1403 at the same height, and then observations are made 
through multiple divisions of the measurement area. Even 
in this case, it is acceptable if the number of color cameras 
is greater than three. The measurement areas are 
determined according to the height and planer shape of the 
object 1403, so that mutually overlapping areas are created. 
It is acceptable if the input system from the cameras 103, 
1401 and 1402 is either by parallel input or sequential input, 
as shown in Fig. 10. The form is calculated and results 
composed for each picture-taking area of the object 1403 
based on the observed images according to each camera 
103, 1401 and 1402, and then the three-dimensional form 
of the overall object is measured. 

[0070] Fig. 12 is a working example of an invention as in 
Claim 5, which is one in cases where the object 1502 is 
projected from different directions by multiple projectors. 
In Fig. 12, the primary projector 104 and secondary 
projector 1501 are radially configured against the object, 
with the color camera 103 placed between. The optical 
axes of the color camera 103 and projectors 104 and 1502 
match on the reference plane 101. Here, it is acceptable if 
the number of projectors exceeds two. 
[0071] With the pattern light projected by the primary 
projector 104, since the areas 1503 of the object 1502 are 
blocked by the object 1502 itself, the pattern light is not 
projected onto the surface of the area 1503. With regards 
to this area 1503, it is observed by the color camera 103 by 
projecting pattern light from the secondary projector 1501 . 
[0072] With regards to the projections from projectors 104 
and 1501, independent pattern memory 1601 for the 
secondary projector is installed as in Fig. 13 (A). Thus, 
patterns are created that have different color elements from 
the primary projector 104 for the secondary projector 1501 
and stored in pattern memory 1601, are simultaneously 
projected by the projectors 104 and 1501 by using the 
pattern data of pattern memory 107 and 1601, and then the 
color elements are separated by observing the transformed 
lattice images with the color camera 103. 
[0073] In addition, it is also acceptable if a changer 1602 is 
installed between the projectors 104 and 1501 and a single 
pattern memory 107, as in Fig. 13 (B), and pattern light 
from projector 104 and pattern light from projector 1501 
are switched and sequentially observed. In this way, the 
form of each part of the object 1502 from each parallel or 
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sequentially input image is calculated, and then it is 
possible to measure the three-dimensional form of the 
overall object by subsequent image composing. 
[0074] Fig. 14 is a working example of an invention as in 
Claim 6, which is one for cases in which the planer shape 
of an object 1701 that is the subject for measurement is 
large. In this working example, each pattern light is 
projected from different directions by dividing the 
projection area for the pattern light against the object 1701 
from a primary projector 1702 and a secondary projector 
1703, juxtaposed against the object 1701. Furthermore, it 
is acceptable if the number of projectors exceeds two. 
[0075]The projecting areas are determined by accounting 
for the height and planer shape of the object 1 701 that is the 
subject, so that mutually overlapping areas are created. It is 
acceptable if the projections from each projector are 
simultaneous or sequential projections as in Fig. 13. The 
pattern light projected from each projector 1702 and 1703 
is observed by a color camera 103, then the form is 
calculated and results composited for each area of the 
object from the obtained images, and then the three- 
dimensional form of the overall object is measured. 
[0076]In this working example, it is acceptable if the 
multiple color cameras are configured as in Fig. 9 and Fig. 
1 1 . In such cases, if form data observed by each camera is 
composited, then it becomes possible to measure the 
overall form of the object 1701 with a single picture-taking 
without moving the object 1701 or the camera. 
[0077] Fig. 15 shows a working example of an invention as 
in Claim 7. In this working example, the object contours 
do not gradually change from the reference plane, however, 
the invention is one for accurately measuring this, even in 
cases where the form is one for which there is a drastic rise 
from the reference plane. In Fig. 15, in cases in which the 
form of an object 1801 on a reference plane 101 is 
measured, when pattern light projected from a primary 
projector 104 is projected so that all RGB are at maximum 
luminance, specifically, composited pattern light becomes 
solid white, shadow sections 1 802 are produced by surface 
variations between the reference plane 101 and object 1801. 
These shadow sections 1802 are dependent on the height 
1803 of the contour positions of the object 1801 and the 
position and pattern light projection angle of the projector 
104. 

[0078] These conditions are observed by a color camera 
103 and then an image is taken. Then, the contour 
positions and height 1803 of the object 1801 are calculated 
from the configuration of a known optical system (position 
and projection angle of the projector 104). In addition, if a 
secondary projector 1 804 is configured on the opposite side 
of the primary projector through the color camera 1 03, then 
it is possible to calculate the contour positions and height 
1805 on the opposite side of the object 1801. By 
configuring multiple projectors in the same manner, it is 
possible to obtain the contour positions and height of the 
overall object. 

[0079] Next, pattern light that constitutes slit pattern data is 
projected and observed by the color camera 103. Then the 
form is calculated only for the areas that exist for object 
1801 from the contour positions of the object 1801 detected 
against the image taken. The form calculated from this is a 
relative value of the object surface as shown in Fig. 16 (A), 



so by tempering this data against the data in Fig. 16 (B) for 
the previously detected contour position height, final form 
data is obtain as shown in Fig. 16 (C). Based on this, it is 
possible to accurately detect the three-dimensional form 
even for an object 1 801 that has a form for which there is a 
drastic rise from the reference plane. 
[0080] Fig. 17 shows a working example of an invention as 
in Claim 8. This working example is one in which the form 
of an object that has variations in its surface is accurately 
measured. As in Fig. 17, in cases where variations 2002 
exist in the surface of an object 2001, when the previously 
described white and solid-colored pattern light is projected 
from a primary projector 104, shadows sections 2003 are 
produced from the aforementioned surface variations 2002. 
When an image is taken by observing these conditions with 
a color camera 103, then it is possible to calculate the edge 
positions and height 2004 of the surface variations 2002 
from the configuration of a known optical system. 
[0081]The shadow sections 2003 are produced by 
projections from the projector 104, but if white and solid- 
colored pattern light is projected from the secondary 
projector installed on the opposite side, then it will not be 
possible to observe the shadow sections 2003. From this, it 
is understood that the left side of the surface variations 
2002 will be high, while the right side will be low. In this 
way, when calculations are made from among the images 
observed by projecting pattern light from multiple 
directions by multiple projectors, then it is possible to 
detect the highs and lows of the object surface on both 
sides of the edge positions of the surface variations 2002. 
[0082]Next, pattern light that constitutes slit pattern data is 
projected from projectors 104 and 2005, and then observed 
by the color camera 103. The form is calculated from the 
image taken by the camera 103, and then the form is 
calculated from the patterns projected by the projector 104, 
along a direction for which observation of the shadow 
sections is possible, based on the previously detected 
information about the shadow sections 2003 of the detected 
object 2001, and then the three-dimensional form of the 
object is determined by adjusting the overall form based on 
these calculation results. 

[0083] Fig. 1 8 shows a working example of an invention as 
in Claim 9. This working example is one in which the form 
of an object that has irregular surface variations in its 
surface is accurately measured. The edge positions and 
height are detected for an object 2101 that has variations in 
its surface as in Fig. 18, according to the contours and 
surface variations of the object 2101, the same as in Fig. 15 
and Fig. 17. Based on this information, the planer shape of 
the object 2102 is divided into multiple areas 2201, 2201 
and 2203 as shown in Fig. 19, according to contours and 
edges that have the same height. 

[0084] Here, when pattern light of a single frequency is 
projected onto the object 2102, then the pattern pitch on the 
area 2202 becomes 2301, as shown in Fig. 20, and the 
pattern pitch on the area 2201 because 2302. In cases 
where this frequency is appropriate for the area 2202, the 
pattern pitch narrows in area 2201, which is even higher 
than this area 2202. Accordingly, in cases where the form 
is changing within area 2201, then the pitch further 
compacts, and then it is not possible to observe it as a cycle 
pattern. 
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[0085] In these cases, the edges are calculated from the 
average height per area, and then pattern light that has low- 
frequency elements corresponding to these heights is 
projected per area. The three-dimensional form of the 
overall object is then calculated by calculating and 
compositing the form per area based on projected pattern 
light. In addition, it is acceptable if the frequency of the 
projected pattern light increases for the inverse height is 
low. 

[0086] Next is an explanation of a working example of an 
invention as in Claim 10. When the differences in 
elevations and the differences of elevation with the 
reference plane reach maximum on the object surface, then 
the patterns that are image-formed through lenses 
according to the height of the object are shaded off, and 
shading-off occurs even for picture-taking by the camera. 
In the setup shown in Fig. 21, regional division is taking 
place the same as in Fig. 19 for an object 2101 that has 
surface variations as shown in Fig. 18. The average height 
of the edges of these areas is calculated for each divided 
area, and then the amount of adjustment of the focus is 
determined by CPU 109, or the amount of adjustment of 
the focus based on height is saved in memory 108 as table 
data beforehand. 

[0087] In Fig. 21, the amount of adjustment determined as 
in the above is transmitted to an interface 2405 for 
controlling the focus, and then the focus is adjusted through 
operation of a drive system for focus adjustment of the 
lenses 2402, 2403 and 2404 for the camera 103 and 
projectors 104 and 2401. In addition, the number of 
divisions of area for calculating form is determined by 
adjusting the focus according to the precision required. 
[0088] When the areas divided by the planer shape of the 
object are 2201, 2202 and 2203 as in Fig. 19, each of these 
areas are handled as the same area, and the form of the 
object is calculated by a single picture-taking at a focus set 
as an initial condition. In cases where further high 
precision is demanded by conditions, then the areas are 
handled as the same area since the height between area 
2202 and 2203 is relatively close, and then the object form 
is calculated according to a single focus adjustment and 
double pattern observations. All of the areas 2201-2203 
are handled similarly as individual areas with different 
heights, and the object form is calculated according to 
double focus adjustments and triple partem observations. 
The number of times these focus adjustments and pattern 
observations are carried out can be arbitrarily selected 
based on the time and detection precision provided by the 
form measurement process. 

[0089] Next is an explanation of a working example of an 
invention as in Claim 1 1 . Cases in which there is dirt 2502 
or small holes 2403 on a single line 2501 on the object 
surface as in Fig. 22 (A) are considered. When pattern 
light is projected onto this surface, then the luminance that 
corresponds to the dirt 2502 and holes 2503 becomes like 
that in areas 2504 and 2505 in Fig. 22 (B) respectively. 
[0090] When the form is calculated from these types of 
patterns, then the form becomes irregular for parts of the 
areas 2504 and 2505, and it is not possible to accurately 
obtain an accurate overall form if the form remains 
connected in this manner. Accordingly, measurements are 
first taken under non-projected conditions in which no 



pattern light is projected from any projector. The 
luminance of the line 2501 at this time becomes 2601 in 
Fig. 23 (A), and the luminance for cases in which white and 
solid-colored pattern light is projected from each projector 
becomes 2602. This time, in the areas 2603 and 2604 that 
correspond to dirt 2502 and holes 2503, the difference 
between luminance 2602 and 2601 becomes small. 
[0091]Specifically, in areas 2603 and 2604, even when 
pattern light is actually projected, it is not possible to 
observe it as a pattern. In addition, since it is like areas 
2603 and 2604 are produced with projections from any 
directions, it is understood that these areas 2603 and 2604 
are not due to surface variations. 

[0092] The luminance in cases where pattern light based on 
slit pattern data is projected becomes like 2605 in Fig. 23 
(B). In cases where luminance is analyzed at frequency 
domains, since areas 2609 and 2610 (areas 2603 and 2604 
in Fig. 23 (A)) become noise element data, the data for 
areas 2609 and 2610 is removed from the luminance 2605 
data. Accordingly, individual forms are calculated within 
the areas 2606, 2607 and 2608 in Fig. 23 (B). 
[0093] When the final three-dimensional form of the object 
is determined, areas 2606, 2607 and 2608 remain connected 
as is, if it is known, for example that the object surface is 
basically flat, and then the final results are taken with the 
assumption that parts of areas 2609 and 2610 remain as 
form irregularities. In cases where parts are not assumed to 
be form irregularities as described above, with regards to 
the final results, a means for correcting the connection on a 
straight light is determined beforehand for the removed 
parts (areas 2609 and 2610), and then corrective action is 
undertaken. 

[0094] In addition, in cases where there is no information 
that becomes a presupposition for determining the final 
form, pattern light that has a sufficiently longer cycle than 
the width of the previously described dirt 2502 and holes 
2503 is projected, forms calculated from the relative areas 
2606, 2607 and 2608 by obtaining the positions for 
2701-2704 in Fig. 24 are connected, and then it is possible 
to determine the overall form of an object. Furthermore, it 
is possible to apply this working example to cases in which 
patterns and coating are present on the object surface. 
[0095] Next is an explanation of a working example of an 
invention as in Claim 12. In this working example, the 
luminance is increased greater than during the previous 
form measurement for areas where the form is irregular due 
to dirt, small holes or patterns on the object surface, as 
shown in Fig. 22. Specifically, the aperture of the lenses 
2402-2404 is adjusted by the interface 2405 shown in Fig. 
21, and the amount of incident light for the projected 
pattern light and camera 103 is increased. 
[0096] Here, the unprojected luminance for which pattern 
light is not projected by some projector, and the luminance 
in cases where solid-colored pattern light is projected as 
white from each projector, become as with 2801 and 2802, 
respectively, in Fig. 25. Even if the luminance is increased 
for the area 2804 in Fig. 25 (corresponding to areas 2604 
and 2610 in Fig. 23 due to holes 2503 in Fig. 22), the 
luminance difference for 2801 and 2802 is minute, and it is 
not possible to measure even by projecting pattern light. 
On the other hand, the luminance difference for 2801 and 
2802 is increased for area 2803 (corresponding to areas 
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2603 and 2609 in Fig. 23 due to dirt 2502 in Fig. 22), and if 
pattern light is projected under these conditions, then it is 
possible to take measurements. 

[0097] Fig. 26 shows the luminance when pattern light 
based on slit pattern data has been projected. Even in the 
parts where there is dirt 2502 in Fig. 22 where 
measurement was not possible the first time, patterns are 
observed in the area 2901 in Fig. 26, and the form is 
calculated. By tempering this form with the form obtained 
the first time, it is possible to measure accurately this form 
even with objects that have dirt on the surface. 
[0098] Next is an explanation of a working example of an 
invention as in Claim 13. This working example is one for 
cases in which an object is measured for which the 
reflection of projected pattern light is strong against its 
surface, which is composed of a lustrous material such as 
metal. In Fig. 27 (A), when the pattern light is projected 
onto an object 3001 composed of material that has strong 
reflection against its surface, the change in luminance 
becomes as with 3003 in Fig. 27 (B). 
[0099]This time, the luminance observed at an inclination 
3002 positive to the projector 104 becomes 3004 at the area 
3006 in Fig. 27 (B), and since the saturated state will 
continue at high luminance, changes as a pattern cannot be 
obtained. Accordingly, it is not possible to measure 
accurately the three-dimensional form of an object while 
areas such as 3006 remain included. 
[0100] Therefore, when solid-colored pattern light is 
projected as white from a projector 104, the luminance 
reaches 3101 in Fig. 28. As a result, the three-dimensional 
form of the object is calculated by projecting pattern light 
only for the areas 3005 and 3007 where there are surface 
variations from the maximum luminance 3102. This time, 
process the area 3006 that corresponds to the inclination 
3002 as a remaining irregular area. 

[0101] Next is an explanation of a working example of an 
invention as in Claim 14. In this working example, the 
luminance is reduced for the area 3006 that was determined 
to be a form irregularity in Fig. 28. The aperture of the 
lenses 2402-2404 is controlled by the interface 2405 in Fig. 
21, and then the quantity of light for the projected pattern 
light and camera 103 is reduced. Here, when solid-colored 
pattern light is projected from a projector as white against 
the object 3001, the luminance becomes as with 3201 in 
Fig. 29. The luminance difference with the maximum 
luminance 3102 at the area 3006 previously determined to 
be a form irregularity is increased, and then it is possible to 
obtain changes for patterns. 

[0102] Changes in luminance when pattern light based on 
slit pattern data is projected under these conditions are 
shown as 3301 in Fig. 30. At the area 3006, changes in 
luminance are obtained, and it is possible to calculate the 
form for this area. By compositing the form calculated in 
the first measurement, and the form calculated here, it is 
possible to obtain the overall form of the object. In 
addition, it is acceptable if there is removal of the data for 
when the form is calculated for areas in which the 
luminance is saturated even if the luminance is reduced, 
and then processed for those areas as form irregularities. 
[0103] 

[Effects of Invention] According to the invention in Claim 
1 described above, color pattern data is created by 



compositing multiple sinusoid slit pattern data of different 
frequency elements, and then by separating the transformed 
lattice images into color elements by projecting pattern 
light based on this data, it is possible to measure the three- 
dimensional form of a an object with drastic changes in a 
short time and with high precision, from a single 
observation; specifically, a single image. 
[0104] According to the invention in Claim 2, by color 
separating the transformed lattice images by projecting 
pattern light based on multiple sinusoid slit pattern data that 
have the same frequency elements and offset phases, it is 
possible to obtain the amount of phase modulation in each 
pixel from among the images for each pattern data that has 
offset phases from a single image, and it is possible to 
measure the three-dimensional form of an object in a short 
time with high precision. 

[0105] According to Claim 3, it is possible to mutually 
interpolate and match the forms by observing an object 
from multiple directions with multiple cameras, and then 
measure the three-dimensional form with high precision. 
[0106] According to the invention in Claim 4, it is possible 
to measure the form of an object that has a size greater than 
a single camera's field of view, or a spherical object, 
through multiple divisions of the measurement range of the 
object by using multiple cameras. 

[0107] According to the invention in Claim 5, it is possible 
to eliminate the areas not touched by pattern light because 
of blocking by the object itself, by projecting pattern light 
from multiple directions from multiple projectors against 
an object, and measure a form without omissions through 
projectors from different directions. 
[0108] According to the invention in Claim 6, it is possible 
to measure without omissions the form of an object that has 
a size greater than the projection area of a single projector, 
or an object that has a curved surface, through multiple 
divisions of the object's projection area by using multiple 
projectors. 

[0109] According to the invention in Claim 7, shadow 
sections caused by surface variations between the reference 
plane and object by using multiple projectors are detected, 
and then the contour positions and height are detected in 
these shadow sections. Based on this information, since the 
form is measured only for areas where the object exists, it 
is possible to reduce the processing time. In addition, since 
the amount of surface variations is tempered against the 
calculated object form, it becomes impossible to observe 
the pattern light projected at stepped sections at any cycle, 
and it is possible to measure accurately the three- 
dimensional form of the object. 

[0110] With the invention in Claim 8, before pattern light is 
projected according to slit pattern data for form 
measurements of an object that has variations in its surface, 
pattern light that is the same as normal illumination is 
projected from multiple directions, the height at the edge 
positions of surface variations is detected from the 
projection angles of pattern light, and the highs and lows on 
both sides of the edge positions are detected from the 
projection direction of the pattern light. Based on this, it is 
possible to measure accurately the overall form, even with 
objects that have variations in their surface. 
[01 1 1] With the invention in Claim 9, an object is divided 
into multiple areas of the same height by using the contour 
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positions and height of the object detected beforehand, and 
the edge positions and heights of the surface variations on 
the object surface, and it is possible to measure the form at 
the same precision at any height, by projecting pattern light 
that has a cycle that corresponds to the height of these areas. 
[0112] With the invention in Claim 10, it is possible to 
measure the form with greater high precision, by adjusting 
the focus of the camera and projector lenses to correspond 
to the height of each multiply divided area. 
[0113] With the invention in Claim 11, it is possible to 
measure the three-dimensional form of an object based on 
data obtained from areas other than those determined to be 
form irregularities from among areas in which information 
on dirt, small holes and patterns in the object surface were 
detected beforehand. 

[0114] With the invention in Claim 12, it is possible to 
reduce the areas assumed to be form irregularities by 
adjusting the aperture of the lenses of the camera and 
projector for those areas determined to be form 
irregularities with low luminance for observed pattern light, 
and then re-measuring the form only for those areas. 
[0115] With the invention in Claim 13, it is possible to 
measure the three-dimensional form of an object based on 
data obtained from areas other than those determined to be 
form irregularities from among areas in which areas of 
saturated luminance where the projected pattern light 
reflects on the object surface were detected beforehand. 
[0116] With the invention in Claim 14, it is possible to 
reduce the areas assumed to be form irregularities by 
adjusting the aperture of the lenses of the camera and 
projector for those areas where the luminance of pattern 
light projected by reflections on the object surface is 
saturated, and then re-measuring the form only for those 
areas. 

[Brief Description of Drawings] 

[Fig. 1] A block drawing showing a working example of 
this invention. 

[Fig. 2] An explanatory drawing of the slit pattern and 
data on one line. 

[Fig. 3] An explanatory drawing of data for the three 
RGB frames. 

[Fig. 4] An explanatory drawing of composite data in Fig. 
3. 

[Fig. 5] A drawing showing the luminance of transformed 
lattice images caused by high-frequency element pattern 
light. 

[Fig. 6] An explanatory drawing of form measurement 
errors. 

[Fig. 7] A drawing explaining form measurement errors. 
[Fig. 8] An explanatory drawing of composite pattern 
data. 

[Fig. 9] A block diagram of the observation component in 
a working example of this invention. 
[Fig. 10] A block drawing of the important parts in a 
working example of this invention. 

[Fig. 1 1] A block diagram of the observation component in 
a working example of this invention. [Fig. 12] A block 



diagram of the observation component in a working 
example of this invention. 

[Fig. 13] A block drawing of the important parts in a 
working example of this invention. 

[Fig. 14] A block diagram of the observation component in 

a working example of this invention. 

[Fig. 1 5] A block diagram of the observation component in 

a working example of this invention. 

[Fig. 16] An explanatory drawing of form data measured 

in a working example of this invention. 

[Fig. 1 7] A block diagram of the observation component in 

a working example of this invention. 

[Fig. 1 8] A block diagram of the observation component in 

a working example of this invention. 

[Fig. 19] An explanatory drawing of the divided areas of 

the object planer shape in a working example of this 

invention. 

[Fig. 20] An explanatory drawing of the pattern pitch in a 
working example of this invention. 

[Fig. 21] A block diagram of the observation component in 

a working example of this invention. 

[Fig. 22] An explanatory drawing of the condition of the 

object surface and luminance in a working example of this 

invention. 

[Fig. 23] Explanatory drawing of luminance in a working 
example of this invention. 

[Fig. 24] Explanatory drawing of luminance in a working 
example of this invention. 

[Fig. 25] Explanatory drawing of luminance in a working 
example of this invention. 

[Fig. 26] Explanatory drawing of luminance in a working 
example of this invention. 

[Fig. 27] An explanatory drawing of the observation 
conditions and luminance in a working example of this 
invention. 

[Fig. 28] Explanatory drawing of luminance in a working 
example of this invention. 

[Fig. 29] Explanatory drawing of luminance in a working 
example of this invention. 

[Fig. 30] Explanatory drawing of luminance in a working 
example of this invention. 
[Explanation of Codes] 
101 Reference Plane 

102, 501, 1203, 1403, 1502, 1701, 1801, 2001, 2101, 3001 
Object 

103, 1201, 1202, 1401, 1 402 Color Camera 

104, 1501, 1702, 1703, 1804, 2005, 2102, 2401 Projector 

105, 105AA/D converter 

106, 106 A Frame Memory 

107, 1601 Pattern Memory 

108 Memory 

109 CPU 

1 1 0 D/A converter 

1 1 1 Display 

1301, 1602 Changer 
2402, 2403, 2404 Lens 
2405 Interface 
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[Fig. 18] [Fig. 20] 
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ffi. Vol.12, No. 7, pp39~44 (1992) ) 1fi%>2>. 10 

[0008] i>m©*SK:*»ir>Tt> v trans tifc&aj 

3RJCtet»T»6*i*«©9SlS»« I (x,y)£&5£l (Cj; 
"9£»LT. &£(C*>tt£ttfeflMll4 Cx,y)*JWll/-C 

[0 00 9] 

I (x,y)=A(x,y)+B(x,y) • c o s ( 2 rc f 
x+ <Kx,y)) 

[0 0 10] CCT, *t#»»©J&tt*KRLTl,»*flt 

£tc (^5S;(c«j:-orB-7c/2^*^7c/'2 

S) ©fSHiCjff*»*Sti. Ctiift 
ffi7>7-vf>^iS (K. Itoh : "Analysis of the 
phase unwappinq algorithm" , APPLIED OPTIC 
S, Vol.21, No. 14, pp2470 (1982) #M) t^ttl^ 

[ooi i ] ctxb<Dir£it, £tcmwmvt<m<ti!fiM 30 

[00 12] 

yftz&& bx wt©=^7a5tt%tHwr s«6*rh5k 

<D 1 @©Adr->ijagTtt«fl:aii©ft«<c9!^%fHl!l 

5. «rtt*»»±i/Ti»4t«W"t?©«Tii i/jMf a 
[0013] ®m>&w<DWtmt&%m~cbz t. « 40 

9 lll©/<*->i^^^£fWrS 
r. «**A:tt3l»»*»tt3-tt*si&R*i*4. C©» 

^»tMr©»ft^©liilttS*tcwa*Jfti;-t> 
[0014] ©%f**iswi 4 s^ffiitca^nrctosT 50 
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tHMTSft^. *©JB«Hi»#4©g»l*i«:-J|«|« 
±©><*->3fc#BMvCL*5£. *W3ftfc1M*©# 

©fc^ffiKffaE-rsnaCiJ&J. »Stt©|»36». ttcit 

n<tii>tt*-cjKtt%fitm-rst!ftfl:©jBtt%niiiK:&Hw 

[0015] ®«B±«cSlfeW**«»tt©Kl>aB»T 
«. 1MB S tlfc' < * - >^©^ftaS(C*j » ZVv? 1fi 

©»#£*WiB±©gttM>. WMUvoggftWlit 
5TMLfc«*©«US««Lfc 

[0016] ®wmirc©iittwn. /hs©mtc£ 

KJ:»)ttBU^'«3'-->*©SEffc3Wfta3ti , i*. 
©««©«Wf s - ir *d»T*ft*»©»tt*J|[H|-r 4 
i. iE»ttl£R**»?>*i&t>. 
<W*ft©tt*^>*ffi»tt«: <fc *) L/ fc-* * - 

[0017] *»HJtt±IEa^©SIS^)5?^-r^»fcAK: 

jBttSEft^Doo^as. ma sn. «*©**;&. w 

[0018] 

iiMi*)»ft-r*te«>©^s] MEMro*i!ei-r*ft: 

*>. flUm 1 SiK©IMI!a. «rf*©$Ii^£Sft?£ 
*7-W7i, C©*y 7*>6tB*3nS7^n^jB 

SPi. A/D^a5*»6W*3*i-&f : ^y$;Hifllf : - 

S^ISJKES? tiTtt*©a4Bffl!ft»o/< * - 

•ri> - - > f 5 - $ =&t§iW-r s - > ^ 
&bx®ttm}m-m&z&8.ftcticftMtz>t& 

0. c©*WIS**tt^Lfct©%ft»«ft»*©=^ 
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[0019] m&M&<to*tmTZtcti>, H#JI2IBtSs 
fMfflft^-JKSHft-rSA/DiHMlte. A/DSBft 

«w» 6 $ *i * 7 s ^ *j z jmrn?- * &mt & 7 u 
^-^-^tew-fs^*- rem* io 

tttt) 3 ft 5 T t a ^iB®r- £ 4^-T & r -f X 7' b -Y 

t . ^»©w»Rafisi»% nff r £ c p u t *m*.Mk 

* Sr-SST o&*B4 r 6 b b * - > :f 
-#£fP)?Xb. C©^#->r-£fc»-3<rc#-->5fc 

-rst#«:. eti^c£©^^iBWii*6fitmi 20 
[0020] ftffirae&JBftr&fcA. M3<]S3f2ig 
ennnr icm&istD uv—ti*? *ftflac*t bx 

[0021] m®®m<&*ffimz>ic#>. n^m^uw. 

©«Wtt. IW»Il*fctt2«::fe(,>T. *«*©¥IH»& 
tH»J«6H4^g»-r-SJ:^(c«tS^©*7-*^74!g}ft 30 

ays txtcfw?- zz-sm ox «flc©3«c»tt*jna 

[0022 ] i&f2ISB©£j1?ft-f -Sfc©. Sj|j#i5f2tS 
©I6BJ«. M*g 1 , 2 $ fctt 3 tCtel^T . ftflEK^* 

©:7a ^ x ? BBBU ^ayx>jii>6 

©a * - >ftfc J: * * ^ 5 SBWBHWca^TSHHS ft 
«£r- %1p 6«*©=*7cJBtt*#UH- i. 
[0023 ] j|ijf2ISgI<3>£S?&T£ft:«>. H^«6ialS 40 
©ISHJ^ ifc&Bi, 2. 3*fctt4tC*l>t:. 
*tf ->#©¥ffilftft&l?SBB£#§!lT£<fc 5 K 

* * * *=> ©>< * - >*oc j: h tj * v mm&icmii,* 
s. 

[0024] gTElHBO&flHfe?**:©. H«3f7IBtt 
©BIB**. IW!a5*A:«6K*Jl>T. fflB^O^oy 
x * £K J: 0 Bfefrofttti©/-?* ->^4!gJ(*(CSfflJ b 
r»fl^3Wi«dBS«Hi«*i©ailK:J:»)«ft-r5 50 
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KHBSRfl'fcfctiiU ><*->3fc©«agftKtcS-3*fcl* 

k. c©tt>wft«iiM8K«i:oa«!*sraEr*t*issn 

&««©**$**£ bT. X'J? h^*->:r-$UC8 
■^<^*->**!ftKly-C«l(*©»tt*l|tWL. C©# 

[0 02 5] ffllBRH® a«58IB« 
©aim*. W*5!5*fctt6{C*jl,>"C. WHt&Dtti? 

x * # tc j: <o ee*»os«»©^ * - yytz®i*ic®& v 
rftfl*ii±©B£&«: j: o is^t £ttn?8a&i*tti b . 
c ©i^utf w» 6S^©x , ^ttB**wr ^> t &cc . 

->*©»KflK*6SM©x ^fia-p©* 3 4 
DlttU. 3&>^»K8|J»%l^3*fc^5f->*©SlK^ 

h x v 5?ffit©IHBK*j W 5S5{S5:^tB b . C ti 6 
©*W«ftfflC>T»fl^=3^tt©IM***l|jE-r 

2). 

[0026] fifasgio^m-r^/c*. ii*JH9ieis 

5^t«i«lft©IWMSait«:«k»). H-©*S%J*o« 

wetter*- >yt<Dmmnm zsmL-cmictK. 
»K**au cti6©»«*^jsdiOT*ft©^flEWfe 

[0 02 7 ] nriBPSi©4)»^-rsfc*, mim 1 o 12 

^•5ift(c, BI-©KS4J#o«l*i:4{c»«3tiyfc!ft 
ft©«WCi©»ttlWi{cBIO. Cti6©««©¥«3W 
<tWS«cfi£r>T, WKU>X©fua*CPU«:j:0^> 

[0 02 8] KflBS|}@®4)!l^-rSfcA. 1*^39 1 1 12 
©©^BJtt, H^5~l 0<DWtlfrimt<Ci<$\,>X. t 

6^- yytz®& Ltcw&z* * =7 k <t «9 msji b/cH 

^i©. ^H^KlfcWSiSlgM^gttlib^ C©»gg#i 
J»/h t ft 4««t?tt*«»CT5SEiflJE b. C ©SUHSfcW 
©««(c <fc ^jlJS^- *3&» &*H*©H&5E?&tt*BtiM-r 

[0 02 9 ] l5f2Siil(5>'&)W9i-r ^fc«) > if 1 2 12 

fflt » * i *tc. *0©}B«SH*IK =t 0 »|gM*^/]N<b a 
-5 yt © (C b > X©iK 0 4 C P U K <fc *) 4 > * - v x - X 

*K:oc»-c«0©SBIK«fcr)»ail3&«IE<kOfc««ia 



(6) 



whims* tnmtm b tc^mommg t zms b x 
[oo3o] i§ufsisM®£8?&-f sfci*. mm 1 3 is 

mmtmmtz&mzm&b* c<DW$x\mW)^% 
twt?zt#tc cvwmftommzzm'm?-- io 

[0 03 1 ] IifBSg(3>*8S&-f ft*5 1 4IS 

$©#£BJtt. if *S 1 3 KfcUT. »y7M^ni>x 
i> # © b > X4 UT^ <9 £^»8vK:te)SPJfiS& b >X£ 

fefCU>X©i^<3?:C PUK1J; , 3 -C>^-7 i-^5r^> 

sets tu o . WB<D»tttt«K: j: d mwfi^mtmm. s 
®timmmmmuc®®ttcftmb> mtm&. 

ftbtcm®tC-o\,>TlZ'-<4-yft*:®&bXWR*m& 

fHuu mmmfim&mabtcmmic^z teBWF-m 
tm%.b> iftmvmsm&zktngsmbtc^moft 

[0032] 

^* ^ - > y * 'J icWfrtxtcij? -Sift t bxy'ui>x v 
$frtM»#lc&&2ti2>. *©r. mWK.®&?Z>*Z 30 

&s#*a*-r * <t 5 «c a * - > t 1 - f *& $ n . 
tcmtft+mmvi * ? cc <£ o ss«'J s n s . 

[0033] tt«Ly^0i^BMl*^B8l/fc&fi^'«r 
£fC#8IT££> «&©#!& £S^J$#©^*-->7fc 

[0034] c<mmx\t. cft6©A*->££j£u 
k »»©««*«**«: (^O 3tfbT*»»-cii. 

Kl>a«»l«»©^*->*6«««©X«3W40. 50 
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ffi^jsa*BS»©>< if->*67j'P i»& j#K*:*a u 

rtet. ^>-Cifc(r>H8a»(S»©-»'«*->*ffli>r , 7d> 
o»ft^tttlWR©^««»«:liBIE-r4C4«:«k0. jEM 

[00 3 5 ] MI#g2Gflt©ft)!rcti. «Jft«cftR^5 

hAjr->iOT. «Fjt©0-ja?sa»is»* 

ti6©^f->f f -*ft»tt*&ia»4U'C^BW*. 

c ©£«3 nam * - y^t^w^Bbxmmm 
mmitto^x, tw^i«*#»T»fc©H;K7aBtt* 

[00 3 6 ] »3j8B3Ett©|Si!l!t?tt. IffiBc^©*^? 

KJ:01«e»iai*»6««!ir-5IR«:|6*-r*5Eft*tt< 
r. -r«ct>%. !W»#©*^5{cJ:DtKIIUfc!»(*©Ji5 

»jra«w^tttt«ift©a^tt=^7^fciHiJr* 

[003 7 ] tt3R3B4Ktt©89J-Ctt. ^©¥»tt 
s6*** < *©W-a»H*«l£t>»^K;» «S8te©*> 

9*»»3*4sjW#Ha:< . 1 B©HWUcJ:9«ltt 
©*(t««:flaR*tHI|-r* C <b*J-C# S 0 
[0 0 3 8 ] II^SIBISC^HJ-CW. ttltK(cGll$ 
*afctWt#©^"o^* Si>{c»!S:S*fii*6» 
»cc*->**aiW*. 5*«KW>JLbtt:K« 
U. m.i5®7aV**Z%Zft?tim>±.l3lcB!E.b 

>%ifimczifi. *©fi*r«rt*»*©iaeiaiJ»K«i: o 

56*«afc6*l»»»©JKX*imi-r-5C43WT*ttl>. 

tmm<D£mm%xzc£ifixz. *m<o±wmzZi 

[0039] M«]i68B«©»i|it?tt. UrttWiB^K 
*J*t < *©WHMH*H£C>»£K:. «»^©^oi? * 

*y 7(c«fc sai if 1 - 6«rt*©=^5c»tt*t«W- 

4. ^^^©^j'^'&ffl^/ctl^Kltt. §*y7(C 
MS«i£»<& < . 1 13©lfi&tt J: 0^<*©^f*W 



n 

[0040] »J|8B7aB*S©l6W©f¥ffl*tt9i-r4. » 

fc4%J:#* J: 9ft*tt*f*-3»£. ttlBStlfcX*- 
>«fc&£S2Sffi<h©l8gK: J: 9 1 JB*HiUJ»ftr L 
{4ffiMEIKCftH.Stiftt». iot, ^ftSOT 

iEirc&<fts. 

flct«raii©aii«ciBHo-cww»3watr*. c 
©ttWffit* 6 i k , a y » h i/cfc 

LT©*^«rSffl-rn«^ltfJ©7c«{)©M»S*«S 

$3ft£. 

[0042] ft*«8f2t&©#PJ3©ftffl£l&BJl-f 31 

c©1f«{cS-^t,»T. ^«W{c*ji»"CJWH3nrctWBC 
IW©Sa*«:l»ly. StStcJ:4iMg»»*»<«»-C 

tt. stctBd n/cg^©x , p{as©nffiKD?Ke^j» u 

[0043] If $JI 9 BHW^WTTtt, «W£tt5C©M 
*Sfo«ft{c»i/"C or. 

«W«*>6*Uil,. ^tt©¥ffi^tt£l5J-©W3£8-o 

[0 044] -ec-c. Misnfciwsci ©is* Kite 
ray » h^*->©jw*t^*SMbs*a. a^ffl 
±r©JB«»rc*a.«. «3©(gt>M$K:«ifct,>*y » 

(^jaaawRa©* y » . x 
y » ©Ajr->**aK-r4ci-c. 

[0045] if $8 1 0ett©J»!©fBI£IIMl'rS. 
WM±©liaas©KMrt*** < ft S i . y x * 

t*%bft<fts. *cr. iaflgB©x 

i«3 &4M*©tt9fttC&OTK3 £*>6 . WtaiifclBI- 
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U «BJi©i»$K»^>"t:cPUKJ:»)i/>X©iua 

[0046] »5|01 1 1 SE«©WJ3©ftffl*BMIJ-ra. 

w»aiB{csti^/jNS©?L. 

6©S»*. ffi©iE^(CSSaiJ3nSg|5^4lHia{ca^t 

^Srnm-rat, *©aw«a»»»rft<. **»a»c 

S»Lfcttfl*>:*%£Sft*>©fcft5. 
[0047] fie-aT. ^*i^@©?Lft£"#&£$Jtt3l 
ffi©9»t>EB[K«a-r4rc«)«:. 7ai?x 

e©H»ctt % ^&mttrcfti»iR9. m*Tft 

£©W»JHiH3te^fcofciBlfl:3WRiMSti4. *fc. ft 

[0048] tut, C*i6©flMWBI©SBJRtCtoWS 
«fgM£$?HJ-rS= C©lfeWMve* 4i, 
£&i?u/d§£-e*>. *©H»-ettA*->©3Wt*a 
W 5 c t arc # ft 1/ ». c © «fc 5 ftSB#£^©t£ U L "C 
*©a$»r©«tt©»tMS**»l»Lr«tPF3e 

6©^-f©*?rfflt»-CigJi*©=^5c^K%eHl-r5. 
[0049] M«q[ 1 2IE«©»9i©ftffl*l»iH-rS. 

S'J3 hft l»«W t U-C^tH 3^/cMH^. JBflPFffiKie 
H-T-5«^*5. -e-C-C. C©»WTtt««WKWtiip 
nJtgftig? 0 v > X% 7"a y * 2 ZRUtiS 7(C« 
#L/-c*$t. iiu[5|©tHim9 fefiSSffi (WKtf ) 4± 

L> /J^©?L©J: 5ft«8ffiiBWffft< f-^sWi* 

6, lHBrtt^3e4ftofclH«©}Ktt*IHm/. 

h c i r-B iEWftJBtt%»4 C £ *«t? * 5 . 
[0050] m>m 1 3BBtt©»l8©fP»*«WrS. 
tt«*»t?*4«K*©WK3W&]i©<fc ^ K*iR*«*Stt 

»£0«{CC©S*fS|J»©^K%imiT5£. ^iEfflft 

lt. a*©i»w£iBi«©^*->*!a«u. »^ 

)i©iiHR%ft£. C©iB^*>6. ffBCttWWDl/tC^ 

«Sffl*jffifflur^-5^*>6>©if«4giJ^-r5ci 

t?. IEFIft^?:#aiTSC£*5Dj<il£ftS. 
[005 1] 11*5 1 4Ett©»W©ff»*»Wr«. 
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XWHsmWc & £ mi 4 ftM? 4 . JSS^Tlf -CSSJ 

ffl L . «|**tt^f 5 C i ?-JijEW&3Btt*»5 C i 
#sr££„ io 

[0052] 

»*IS"e**K C©B*#JBG&#6IW8I1E*©I6 

wojbhkmm**^*. *-r> ioi immmvb 

<0. *©±KBS»5^fl>IHW*"t?**«* 1 0 2 

ccwi o 2©jLhtca«!rao*5 
-*y7 l 0 33ji8a§ti, $4&±#te&*^* £-->#© 

**104tt > *9-f F7M?x9*timKXMR.V 20 

ft^£9ftft£&O''<*~:'£&OT0. *©/<*->«: 
»-3 1 0 2fc8UBWC*3. 

[0 05 3]$ftl 0 2KaK-r*^y» h**-:/?* 
-*tt. CPU 1 0 9tC<i:*h ^jr->-rf*y 1 0 7K 
RGB©3 7b-A#, fPfigSnS. t©5^ — 
u-AttlB*8K9 htMftSSti. 02 (a)©J:5 
K9l4(,»«f2 0 1 tBgC>^2 0 2 £*S-jQfflRft?£i:«: 

h^f->^«BRsns. 02 (a) 

&t*5t>Tyffi&#j -C#>£-7-Y>2 0 3©xffi^©r- 30 
££E2 (b) (C^-T. C©v-f>2 0 3±-C©xffiSl 

[0054] 
[tt2] 

g(x)= 1 28X S i n (x/a • 7t) +127 
[005 5] CCt, 0^g(x)^2 5 5©8Sffl£U 
X'J 9 h'<*->©jaXBt2 a attl£Lt©t5[ 
t U **t^£lcfM^©ffit»iE^><*->*». 

fiSSft*., 40 
[0056] y 1 0 7©RGB©37U- 

Atc^n^niiitauijift -spui©^ * - > sftsw a 

4. Cft6©37l/-A©&7>(>2 0 3(CfcttSxffi 
^©^-^30 1. 302, 3 0 3ttH3©«fc5{Cfc 

4. ccm f-*30 ncwor. 3021*1/2 
tt. 30 3»i/3 tt0H8SRaaettoTt>&. en 

6©37U-Att*5-©RGB«:*tlSLTfe*). 7"- 
£30 1, 3 0 2, 3 0 3©£SJtf t -*ttH4©J:5«: 

[0057] H4fc*H,»r. RGB^TO7U-AO 50 
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iUTfttttCftlgSjhS. 3!K. B4©j£3 0 4©,fc5 
SCRGBf-^T©? U-A©r-£3 0 1 , 30 2, 3 
0 3#0-C&*l5*\ *©^K*5l,»T^*->**J*e4 

OTftftKijagsti*. e©j:5tt><*->.>«* , j 1 o 

7©RGB©3 7U-A#©7 r -£30 1, 30 2. 3 

0 3 4 l/C. Sl©J9«j7'ay*i'$ 

1 0 4©*9-**'<**fclB!lU ^nj?x»i 0 
4(crtSE§n/c^»ci;i3, SKi/>x*rti/r«jfla 

0 2©gtffifc#9-©A«*-->#*«IB-f S. 
[005 8 ] i^3<* 1 0 2tCW&Ztl1t><$->m*t>7 
—h*=7 1 0 3tCj:»JJt(*S*i. *©HI«BA/Dg0ft 

©f^^^Jl/Hlfe^-^tt^U-A^-ty 1 0 6 tc*s#ft 

sn*. c©mflt«. «M o 2oz*7ciwuot 

mt. tSifckfflVZtt? U-A-rf-t'H 06©RGB7 U 

jf->r-of|9SRbT*iWtf. 7 l/-A^tV 1 0 6©R 
G B 7 U — A tC i*i9:U L- ?cffi$Mi c t oy&j&Wrf-WilSi. 4 

fiSfl^©»«^ltfTSti4. 

[00 5 9 ] C©J:5te&Ub/c^*->#3A*-> 
■C*n«. RGB*flH»4Cir»fll£igi*«Cfe$HII# 
flItt"C***J. 4oeLh©^jf->4^s!{L-caKr4 
WSfctt. £$-f£t§£K 
tt. fiffilMI^RGBR^aibftittT^fiKb. 
1 0 7K«MftfSCi«:fe5. C©fig, 

[006 0 J T&*>5. C©^dr->*SMkOr6»« 

•rattetcw. RGBfreetuc^ft-r^citcas© 

tt. RGB©tt^ttWK»«Wr**.iW*«**. C© 

i/fci»ttfBit«wt bT©y*'j l o 8(ctS!Wsn 

4. IKCfcW, 1 10«D/ASSft». 1 1 

[006 1 1 H5tt. fe^H3tlfc-'^->©5^ > A 
^HiffiBUiR^©^ * - >fc J: 4*©«ffiB«©— o© 5 
^>r©«ta«*wor«,>s. c©7^>r©f)ft5 0 
iaffi©SLhoa»5 0 2i*. **2ja»»0^$-> 

*W$n4*^ *^ 5 1 0 3 fr6>©flEfflBft5 0 3 
*»W4iLt»)ff»5 0 2«;*tlET4SP^5 0 4"PHCA* 

->«i/ti^/cft, 2ffljM^ii/T«arr*ci 

[006 2] 0iR«\ JI?ttlHW#«i 
**4*^-C{*. 4±«3g|J^5 0 2©Btt«S6©6 0 
l©<fc^{Cfe»), **©^ttt , *>46 0 2i«^f t c^/c 
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*>6tt. H7K*jW&7 0 l©J:9tcS±0aB»5O2 
5»->»IBrttJWHtf » fcifciMEaafc**-- 

[ 0 0 6 3 ] Sot. ||fc*«W*B*»©><*-:>#* 

mucn&bximims.L, me. a 7 ©**©»« 
«©^saw*iiE-r-5fe©-c*s. c^ucto. 05 

©SLh0aJ^5 0 2*J*IESn. 06 . |7(C^t;fc* 

3fe©jKtt6 0 2 3wmsns. Ktt*»ar43? 

[00 64] H3TO2ett©ftlB©Jtlfc©fl^& 

©^ w >±©xigf- $ g (x)#ia 8 tcT^-r «fc *> 

0 HCfcfU 1 00 2T?ttJC/2, 1 00 3-CaTC. 1 

0 0 4r«3 7c/2©{4tiM5:^^. cn^apj— ©J§ 

[0 065] 1 0 4(t<fc9. ±K^BJf<* 

10 3CC«fc»)liasnfcRGB©SBK«Hfli«*. 
->*ffiSSOfclB©ftfflCi{C»JiL. 1 0 8«C 

[ 0 0 6 6 ] 0 9RCfl8 1 0 It. ^*JB3 IBlS©lfeBJ© 
*H«aJ»*jSLTIr»*. C©HJ6©0SIB. 

•mtv 6«wc t s <fc 9 k . L>xm$&<D 
*5-*y7%Ui»«(cBIifc(>0'C*s. H9K* 

T<fc5tC. ftv-titv 1 0 3©SS<MK#-7--2M5 1 
20 1, 1 20 2£BE®0, 1 0 3. 120 

1. 1 2 0 2©#fl!l* i a!£ffll 0 \kX-%Lfb&*>VL 
r*. CCT, 1 2 0 3©Htt9S©flM 1 2 0 4, 

1 2 0 5©J£Ktt. 4>*©*-7-*>7 1 0 3"C«Sfif| 

[0067]^t, 4W*1 2 0 3(C/<dr-.>3fe:6JUB 
lt#*^7l 0 3, 1 20 1, 1 2 0 2*>6©JstaiJii 

tucfcQXHftfcftJHU ^©*7-^7i0 3-ciJ 
«MT?#ac»i 2 0 4, 120 bmoffiMzmmcoi]? 

-*^-5 1 20 1. 1 20 2K£SiHHH*K:J:-5-Cll 

[0 068]$<*1 2 0 3©JMMC3fco"Ctt. 010 
(a) (C7n-Tc:i<. SiJ^l 0 3. 1 20 1, 
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(Ctt&lsfcA/DXMl 0 5, 1 05 A, t7b 

-Ay^r'J 1 06, 1 06A ££sS:W, HifiA^S: 

^JWK*?f-ri*»v 010 (b) iCm?Ct< . A/ 
DS8HB1 0 5RO'7U-A^*«; 1 0 6 £01 &MI 

{C 1 3$M£ U *7-W7l 0 3, 1 2 0 1, t 

A/Dg&£ 1 0 5 4©lfflK»W6tlfc««SS 13 0 1 
£CPU 1 0 9fc«fc»)S(l8Pl/TiB«l***A*"rtl«a 

[ 0 0 6 9 ] 0 1 Hi, M$H4Gtt©8$©Xtt©J& 
fHHfcfft £ 1 4 0 3 ©™tM*#rt 
SH,»«^©««I«|5©tHiK4^L-Cl»4. S¥«K*-£{t 
SofcSXC, St^7-*>7 1 0 3, 1 40 1, 

1 4 0 2£|3]-©«;*-C!U3ftl 4 0 3©±#it&§!U 

-#y5©e»«3©ew©a»©T?*ti«fii>. tftt 

l 4 0 3©*S*¥HBHttej£DTifeS&*"S. l 
03, 1 40 1, 1 4 0 2#>6©A#SB, 01 OSEtj* 

3. 1401, \AozK.&z>mm®.K.mn*> mw 

1 4 0 3©SaHfc««K*WSJ^*»ULT-t©IS* 
[ 0 0 7 0 ] 0 1 2 ttll$B5 etK©%n©0tiiS©H$ft 

vs>*), m&\ 5 o z*mfe<D-?'u : >>3.zzfc&'om 

r, *7-W7 l o 3mt?Si©^nys^$ i 

0 4^20)^0^1^^ 1 5 0 1 t&mWl 5 0 2K 
fcfLttSftftcEltra. U*-*** 10 3. ^n^x 
**104. 1 50 1 ©3fcfAtt»t£ffln 0 l±T-gS(l, 

n>5„ cc-c, 7"ay***«2£feW©Mfc#-c*> 

[0 07 1] *l©7ay***l 0 4 «C<fc Oi9:i53 ft 
%ftl 5 0 2©^l 5 0 3l*g}ft 

1 5 02@#(C<fci9M§n-CL/$9©-C, ^*->7t 
ifimW 1 5 0 3 ©SffiicSK? tift I*. C © «fc 9 

1 5 0 3iC-O^Xit. %1<DVWx.t>** 150 1*6 

Af->^gfit*7-*^7i 0 3tc«ki)«swr 

[0 07 2] ^oyx?M 04, 1 50 1*<E>©SK 
tc^fcottt, 013 (a) ©J:5(c^2 07-ayxi? 
^15 0 lfflK&ALb/c^-W^U 16 0 1 SrSW 
•S. ^LT. £2©:/ai>:c*# 1 50 lfflJC^l©^ 
O^x^f 1 0 4t»g&*fe)$#£i$-^*->£fp 

rkl-c^-^->^*'; i 6 o nt&jftu 

'J 1 0 7, 1 6 0 1 ©/^-'^f-ji^^t^p^i 
^^ 1 0 4. 1 5 0 HCiOWCjftiJL, tiv-tut 

v i o 3Kj:»)SSP«fflB«*«iiO'ceja»*««-r 
s. 

[0 07 3] */di, 013 (b) ©i^c^'nyii' 
^1 04. 1 5 0 1 i#-©A*->y*'J 1 0 7t© 
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MtCttftSl 6 0 2*RW. 7ai?x9* 1 0 4&tJ:S 
rC^-^i^Di'x** 1 5 0 lectin 

AaSfctt^A#3*.fcSnf*rt»6«ftt 1 5 0 2©& 
V©£tt*)KbU *©tft£fiJ.T4C±r. 125<*£tt© 

[ o o 7 4 ] h 1 4 itm&$6%zm>§m<Dmm<DMB 

r* 0 . tHB»*t?*4«# 17 0 1 ©¥ffiMK#*S 
liJg^OfciOt?**. C©H»©}$8'Ctt, «Htl7 0 
liC>tfl,&B$ft/tffn©7 - ni;x?£ 1 7 0 2RCfSI 
2©^aSPxd?*1 7 03«:«fcO. «5<*170 1W 

[0075] SHftRttK. EUKKt 9£9«W, 1 7 0 
4#f££f &<fc5«:. »*itt««rt*17 0 l©iS5S*> 
¥BB^tt***L-r»5&r*. &7ns>x*2rt»6©jB: 
Ktt. Hi 3©<fc5K:BiiS^rfc»JdSHB?*>M(r». 
S^py*^^ 1 7 02, 1 7 03*»?.!fflK3nte^i' 
1 0 3KJ:9WWU f#6n/cffli 
«»>6«l»l 7 0 1 ©£«*T©JtM*4*ltiUT*©J6 

[0076] C ©HtS©^88fc:*$t»-C . 0 9 -£0 11© 

ii©ji^-c^f* 1701 ©£fWBtt*tt«frsc t#nj 

[ 0 0 7 7 ] B 1 5 tntmiK*D9mCB9Q*<DfBB 

«wi/a,»4. c©fSJ6©#MKi, $jft©*lfBrt«!*B 
(cttMr-sytS)©*)©"^**. ii5Kfe^r, mmm 

1 0 1 ±©$ft 18 0 1 ©»K*tHB"r-5ii^«:. 9 1 
©7ns?x*£ 1 0 4*^6©JS:^^->3fe ; &RGB-r 

flUtJcfc* J: I, Sttffil 0 1 

18 0 1 i©aH«C <fc 0BtKaS» 1 8 0 2*«T£. 
C©Httg»» 1 8 0 2 «. 1 8 0 1 ©IIIPfiLg©* 
§ 1 80 3 t^a^xf * 1 0 4©{£S&t»c*->ft 

©M^gKflcirf*. 

[0 07 8] C©«M*7-*y7 1 0 3CC<fcOISS'J 
U HfegRrtfttf. *b"C. Rfcrc**#¥3fc©EfI 
<7n5?x5>* 1 0 4©{4gSO'iSiJftg[) *tt 
18 0 1 ©H«ft«ROT&3 1 8 0 3 £gtfj-f So * 
fc. tiv-tlS? 1 0 3£fl-LT£l©^nyx** 1 
0 4 ©J5»ffi"KC^2 ©7'a^ x ^ 1 8 0 4 5ri2S-rn 
«. 1 8 0 1 ©K*H|]©fSiB<iSRDnSS 18 0 5 
jWUSnS. »»«:. tWR&©7ni?****»rr 
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[007 9 ] X'J? h^*->^->t^lSLT 
tti^*->**aKl/r*9-*-»»51 0 3tcJ:9iI 
891-5. RQi^ftHMicttU tftULfc*f*l 8 0 1 
<mW&S.iPhWb\ 8 0 i©??&-f Sfctttcwc© 
3#tfc&SW-rS. C*i(CJ:»3»ffi 3 01 
6 (a) fC^<fc5MW*aBT©t§*ttofcfI£&S© 
•C, C©f-*K:»U 5feCC^WLrcfSII5(4g©iSS-C 
&S01 6 (b) ©f*- SrfcftjJle-f act «:<»:•). @l 

6(c) fcKtmsxiKBtt?- c*ncj: 

18 0 1 m>Tfc, S«ai5tt*jE«B:llttHr5C4 
[ 0 0 8 0 ] H 1 7 i*H$98 EiW>lfiW©Jllt©»» 

4^©»tt*iEtt.«t#rafc*>©t>©"r*a. 017 
©<t5(C. ^5tt2 0 0 l©SBK:&tt2 0 0 2##&-r 
® l©-7'd^xi'^ 1 0 4*>6Bua©Ci<e 

e*^i»©^*->*%sagr4t. ±ibsm2oo 

2KJ:«5P*I^#2 0 0 3*5|&£f S. C©tt»*#5 
-*^7 1 0 3fcJ:!J«ffll/r:H**RDiito£. gE*0 
r*5*^9fi©Ht*»6IM82 0 0 2OI-; V>&W1W 

2 0 0 4£3?tB-r*C<!;#-Ct£„ 
[0 0 8 1 ] P*l»2 0 0 3tt. ^pyx{»jil04 

©7 - ni>x 2 o o 5*>p>aa*>ojita©^^->3t 
ztkmnte, m»«j»2 o o 3»n»jsn&< &s. 

£©C£*>6, att2 0 0 2©SW*«K<. en«>fic» 
Ci*«t>*»*. c©J:^{c. «»#©:/n5?*i»*tc<fc 
0 &tffitoh* * - OrSliiJ LfcBMlM©Si 

Jftfr 5 i. SH2 0 0 2©x 9 ^{4g©Mfflij«c*jWS 
ift»*ffi©?WS*lftUl , J" -5 C i 5, 
[0 08 2] yCK. 7'di>x£>£ 1 0 4, 2 00 5*>6 

UL. 1 0 3tC<fcO«li'JT6. ^710 

0 0 1 ©&J£apft2 0 0 3(Cot,»T« t 5fetC^ffibfct» 
$8(C «fc 0 fiKSP^2 0 0 3 ©ttM*fHWfre* S^(Sl©7' 
Di/x^^ l 0 4KJ:4W»<j»->*»6»tt*JWU 

[ 0 0 8 3 ] m 1 8 t;ttl^9iaft©8«©%tt©£ffi 
*wLTt»*. C©«»©Ji5JBI». affiiCDD^©^ 
*«-TS«li*©«tti&E»«:tHB"r4fc«>©fc©T?* 

-So 01 8<D£>jltmWlCf3M:Zft^'®lfc2 1 0 UC*f 
l/T. 015. 01 7t®mc®>&2 1 0 2©HSBia 
iU:©SfttcJ:S. i»i*ffiBRcm3*ftHH-S. C 
n 6 ©ttfRica-^* . PJ-©« 3 ^J^olfelPSO'i 9 V 
CCi-j-C. 01 9(C7nTJ: i 5(C!g5<$2 1 0 2©^ffiJ^tt 
**»©il*2 201. 2202, 2203 tC^SHT 
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Voo84l cctr. JMWI^*->****!! 

*B2 30 2fcft*. CO«MW 
U202 Kt o^**«.CO«J220 

2 J: 0 fc*l*M2 2 o l ** 5 »< * 

lfL^^2201^~^| 

MUX. t©W*Dx,y©W3*»WL'; CPU 

l o 8 tt&ff brte < . ti fr3B 

ioo87lB2i«*»t:.±»>J:9ic««bfcB 

4oTS^X2402. 2403, 24 0 4©*M 
»*»»220 1. 2202. 2203-C^i^ 

tftVTt. ^22 (a) 1 50 



W ^250 1iKW»2 5 02a^«O3WB 
TSi Stl2 50 2»tm2 5 0 3K*«rr4«t* 

«. -en-en@22 (b) r*w*w*2 5 0 4. 25 

0 5©<fc5K&*>. (iii _ UJ+ , 
[00901 CO* 9*<*->*&W*«WH« 
> AW2 5 0 4. 2 50 5O»»^IW» , ^ ft 

25 0 1©****. B2 3<a)K*»»*260 1 i 

i^Uc^»S®»2 602i%4. C©t*. « 
^502^12503^^2603 

"o911f«>*.««2B03. 2f04^ 
Xcitt*. ^^2603.2604^ 
^2603. 2 60 4BWBCJ:*t««l«tt»Ct# 

It 0 9 2 1 *U » h^*-^-"***"^*^ 
**«KLWHKO»K«tt. 02 3 (b) ©2 6 < )6 

09 26 1 0 (02 3(a) ©^2 6 0 3. 26 0 

5©f-**6«l2 8 0 0. 2 6 1 0©^« 
f* i^ot, #Wt3ftrt02 3 (b) ©««2 6 0 
6 26 0 7 26 0 8Wt. ilKfKtlWt*. 
[009 31 ^ft«WH»5^*^2- 

***6tf.tW2 6 0 6. 26 07, 260 8^© 
SSttttO *«2 6 0 9. 26 1 0«)fcWS 

• 9 • 

10 0 9 4]**:. ^fi*tt*««*-*»0"«* 
**J^*C>iH*tt. tWO«9»»2 5 0 2^2 

% b B 24K*»»2701-2704©«I*#* 
Ct : cWBflWS«W2e0 6. 260 7, 2808*6 

to o95i n** 1 2mmmo>mm 
maim*, comom^ mz2icmuu 
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«-.^24 05KJ:OU>X2 4 0 2-2 4 04©«») 
IMWS^i'-^i*^* 1 0 3^©Ati 

[0096] CCt. £©yoS?*f **6*>^*-> 

$ - >#4&^fl s? x * * * &«a&b fctt£©»i£fi i 

tt -en-etiS 2 5 ©2 8 0 1. 28 0 2£&&. 02 
5©flW2 804 (H2 2©?l2 50 3tcJ:4H23© 10 
|g$2 6 0 4, 2 6 1 0 fc»J&) "tt*. »g££*ltt]L-C 
fc2 80 1. 2 80 2©5SISMW^)^* i 5- **~ y 
**S«l>r*>lt«H3^tttr*4. *«2 8 0 3 
(02 2©^n2 5 0 2K*SB2 3©«tt2 6 0 3, 
2 6 0 9 K«I6) t?»2 8 0 1 . 2 8 0 2 ©WKH#« 
flOU. c©WS-C^f->^^" r ^^ 9tfflll * S1I66i 

[0 097] 02 8tt. xy»h-»<*->r-*K«-3 

^fr-VjfefctSHBLfciS©*** 1 * 7 * 1 ''^ 5, 1 
@Bt?ttfWFl»K->fcH2 2©«h2 5 0 2©a»T 2( 

fc 02 6 ©*S$2 9 0 1 (CM^ * - 

fc*©JBtt*iE*fctWi* a c i #t? * * • 
[ 0 0 9 8 ] *K. »*S 1 3 E*©#B©«*©#» 

ssMB-ra. c©fai©»»». £i*©j:9fc#8w>* 

6 ft 0 . «ffi^©8tK^ * - >3C©S«*SW.» 
1W**W«ir5Jt^©*>©t?**. 02 7 (a) fc*fc> 

*->#4jae*-a 4 - nsmomum 27(b)© : 

30 0 3©<fc5K&a. 

[0 0 9 9]C©B#> T'a^xJ'f 1 0 4KiE»OW 

*«^3oo2ttti^fta»s««. 027 (b) 

©««3 0 0 6 Kfctt a 3 0 0 4 ttt 0 . iS»g"C!aW 

to)i e,T. 30 0 6©«fc^ft^^*^*' C 
B. W*©3X5^*jE«K*^* tt ''*' 
[0 l 00] afe-rMi4©>'^->^^ ai; 
x ^*10 4*>6««-r*i. *©iSfl£fiIW:02 8©3 

1 0 1 fcft*. t©fc«&. *A*ss<fi 3 1 0 2 fc<DS * J 

*5 {H*30 0 5i30 07©*«:ol>T^->* 

^jiu-cw*©^^^**^*- c< ^ m 

ffl 3 0 0 2K*ftWS««*3 0 0 BKol^tt*©** 

;R£©w«fci^**i"*. 

[0101] Wr*r. 4BK©»W©**©^ 

WFSt«i8r»fc««3 o o eic*f hxn&*m>z 

9, ly >X2 4 0 2-2 4 0 4©iK') ; £*'l»t. 
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CT ^<*3 0 0 1 fc»bTfiftTri0i©'<*->** 

7-a s>* * 6S»-r 4 1 . e©»fiffl«s 2 9 © 3 
2 0 1 t&a. ®mw*%tm$Mc®m 0 0 e 

■Cttfi*SK«3 1 0 2i©»gS»BU /<*-> 

[oio2]03Oic c ©rare* 'J? M*->r 
- jr tc|W < /< * - bfc^ *©MM©*tt 

% 3 3 0 1 1 bxm. ««3 0 0 e vitmmomt 

[0103] 

[#£IE©« Ki©J:9Kll«ai©IMHKJ:hw. 
^S^^©Mft4iE^«©a^©^^ 

fefiS^C^»-r S C <t K <t 0 . 1 ®<DfflA?Kt>% 1 ft 

©Bfc*> h , SMbMMifc ^©E&TcjfcWc-^-c *> 

[0104] fllsJ8S2©l6WKJ:n«. H-JSaHftS^ 

ttffl©i*nfc jEa«EK©a»®^ v ? h ^ * - 
©iB^©^iii^^few4fifflriaa* 5 1 tt©a**»e» 

[0105] »«W3©»HKJ:*i«« WW*©*-** 
cc J: 0 ^161* 4 c i t»tttfflE«:» 

[0106] ||«3l4©»WKJ:ntf. «BR#©*^^ 

[0107] «*a5©»WK«fen«:. »c»L/-rffl 

[0108] »#«B©5W§fcJ:W*. a»^©^ oS? 
x 9 * t«i,»-C«*©!RW»**«* K ^* ,f s c £ cc 

[0 1 0 91 89*317 ©»WK*J(.»ttt. »#©^P 
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tc&s. *asftfc»fc©j|^(ctf LTKjll* 

[0110] »«J|8<0|SW{C*JC>'C». »CfSM£ 
*KJ:S^dr->3t*R»-r4W«:. jMt©J«!!BilSI« k 

o±#«*«tt*jEii«:iHi mmv*> *. 

[0 111] »*19®»W«:*jt>-Ctt. ^©&fflbfc 
m©fSfP{4Siili$ . tJ<*^BB"C©mM©x * i^ffig 

SDL. cn6©flW«©5KS«:i6DWS«%l#oAir-> 
**8aB-r4CiT?. <b'©ig$KftbT4>|l]1i©fiig-c 2i 

[0 112] gg$iii o©*BW«:*«,»Ttt. 

S nfcSM^©iS 3 CC]£ t; T * 5Rtf^ O x * * © 
u>X©tt£*HK-r*ctK:J:»). J:9JWIKK»tt 

*twrr set**?**. 

[0113] tt$g 1 1 ©#89§tCfc<r»Ttt. ^ttSlffi© 

tZCt&VZZ. 3 
[0 1 1 4] MOM 2©HWCC*5t,>-C». MHl/fc''C 

m b . -e©i«WK» b~c<D&&v&nBBtm? s c t k 

So 

[0 1 1 5] 3©^BJ{ctet^TB, JMBOfc'"? 

(c. *n«j^©««3&»6»fc5 s --*«:*-3i>T:»#©= < 

[01 16] IS^cS i 4 ©»»«:*«,»■*:». ftflMr 
©KWfc J: Q WM0^> ->*©*aDW»W0fc{H* 
(c*tLr*^7SO'7*ni?i^^©u>X©iK0 ; &ia^ 
U *©««K»l/r©*»tt*lllHHHf*c4{cj: 

So 

[0ffi©fSW«c^] 

[si] *»w©*a8©»»**r^o ? *0-e£>&. 

[02] *'J? M£->£ 1 5"f>±©7 r -f©^ ! 



#K¥9 - 2 1 6 2 0 

24 

[03] RGB©3 7 U-A©r-#©t&BE0r&&. 
[04] H3©£Jfc^-*©WJJH-C*a. 
[05] - J; StfM 

&©*$gfii£^-f0-C$>£. 
[06] «tt©tt«IBH&%SilB-rSHT?*S. 
[07] »«©lt«l»ll*8«W-r 40^*4. 

[08] ^mtxfc^n-yf-ixoummvm. 

[09 ] $HBj©HJfe©0SKc*jWS|iaiJg|J©«^0t? 

[010] *mw<Dmfc<t>&mcmz>£%m>7v » 

*0r&s o 

[0ii] 2W6w©nit©ms8{c*jtf 4«3Map©flwaa 

[012] *^Bj©HJ6©^^fe^|,|SaiJgP©^0 

r*s„ 

[013] ^Bjor)^ife©ff^«:tew?>iSSP©Xn ? 
*0-c*s. 

[014] *»w©njs<o^tc*sw i>mwm>®j$m 

[015] *«i!8©llifi©^SlK:*JWSIIS'JSB©««0 

[016] mw<o$mmmicto^x$m2titcmw 
[017] ^«©iitk©^ffi(c^sRaj9i©fltesia 
[0i8] *^B^<Djiife©}f^(cijwssia>jgi}©^0 
[019] xmivnwmfm.mzmwwmiffi.® 

[02 0] 2HftW©«*©»JIK:*jws^*->tr9 
[02 1] *^©HJ6©^®ic*jWSI|»Jg|J©flteS0 

[022] ^m<Dmmofimcmhmwmm<D^ 

[02 3] *^©HJS©^lS{c*jW5jWSfii©Sii!B0 

[024] KmiomummcmzmmmfDimm 

[02 5] *^©Hli©^tC*JWS*SSffi©S.lH0 
[02 6] *^cDHi6fe©Jf«teWSiKSffi©^0 

-c&s. 

[027] xmommoxmicmmmtmtmm 
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